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INTRODUCTION 
Several cities and towns along the Mississippi River have begun consid­
eration of measures for control of caddisflies and mayflies which at times 
are exceedingly abundant along the shores. 
Fremling (1960a and 1960b), Hoopes (1959), and Carlson (1960) have 
reviewed many of the problems created by these insects, and more recent 
problems have also come to the attention of the author. A summer has not 
passed since 1959 when reports of interference with traffic on land or 
on the river itself have not been received. In the summer of 1961, in­
cidents involving the economic welfare of two Iowa cities were called to 
the author's attention. The Chamber of Commerce of Fort Madison, Iowa, 
after persuading a large industrial corporation to undertake construction 
in their city, found persons in charge of construction were less happy with 
their construction site after hordes of mayflies had invaded it during the 
summer months. Iowa State University biologists were contacted for inform­
ation as to how the numbers of mayflies could be reduced. Muscatine, Iowa, 
attempted to attract insects away from its downtown business district by 
placing a powerful light across the river on the Illinois shore. It was 
hoped that evening shopping could be made more desirable by alleviation 
of the nuisance insect burden. Because of the many problems they create, 
the nuisance species of insects are the object of widespread and justified 
concern. Many cities along the Upper Mississippi are becoming increasingly 
interested in partial or complete suppression of the insects to relieve 
some of their annual summer discomfort. 
Iowa State University became involved with the insect problem after 
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the city of Keokuk, Iowa, requested assistance. Keokuk is situated 
beside Dam 19 on the Upper Mississippi, and it receives unwelcome con­
tributions from the totally different aquatic habitats above and below 
the dam. Burrowing mayflies of the genus Hexagenia inhabit the silted 
areas above the dam, and the larvae of Cheumatopsyche campyla. Hydropsyche 
orris, and Potamyia flava thrive in the rapid currents of the tailwaters. 
After emerging, adults of both mayflies and caddisflies move into the city. 
In the fall of 1956, a research program under the direction of 
Dr. Kenneth D, Car lander was initiated at Iowa State University to study 
the biology of the nuisance species of insects with regard to possibilities 
of control. In 1957, the project received the support of the National 
Science Foundation (G-3831), and field work began at Keokuk. During 1957 
and 1958, the life histories of nuisance species of insects and prospective 
control measures were studied by Dr. Calvin R. Fremling (Fremling, 1959, 
1960a, and 1960b). The utilization of the same species of insects by fishes 
was investigated by Dr. David T. Hoopes (Hoopes, 1959 and 1960). During 
the summer of 1959, the distribution and abundance of Hexagenia naiads 
were studied by the present author (Carlson, 1960). 
During his tenure at Iowa State, Dr. Fremling experimented with 
specially-constructed light traps and finally suggested a system of 
diversionary lighting in conjunction with traps to relieve the Keokuk 
insect problems. He also suggested the chemical control of both mayfly 
naiads and caddisfly larvae in limited areas near Keokuk. Fremling (1960a, 
p. 851) stated that: 
"Some of the river cities might secure local alleviation of their 
problem by killing nymphs in critical areas a short time before the 
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first large emergence in June. Few Hexagenia mayflies fly more than 
3 miles from their place of emergence, and the wind usually deter­
mines the direction of concentration. Mettable powder or granular 
insecticides may be effective if applied to the river shallows 
which are within a 3-mile distance from the city limits.... Because 
of the effects of such treatment on other aquatic organisms and of 
possible danger to man and animals in the use of treated water, no 
such application of chemical insecticides should be attempted 
without thorough study." 
Fremling (1960b, p. 876) also stated thai: 
"Killing the caddisfly larvae in the tailwaters with an insect­
icide before they mature and emerge would be another possible method 
of control." 
and (p. 877): 
"Insecticides could be applied most effectively during July, when 
the water is low. The larvicide probably would curtail the gener­
ations of H. orris. C. campyla and P. flava which would emerge from 
the tailwaters in late summer. If the granules are retained in 
caddisfly nets, it is conceivable that they may remain as a residual 
poison in the net remnants and make the area relatively uninhabitable 
to the larvae for several weeks." 
"Before any insecticide is applied for control purposes, however, 
laboratory and field experiments should be conducted to determine 
the practicability of the operation. Such experiments should in­
clude aquarium experiments to determine the relative toxicity limits 
of hydropsychid caddisfly larvae and various species of river fish." 
Because of these suggestions and the growing interest in control on 
the part of river cities, the second major phase of the mayfly-caddisfly 
research project was initiated. Its major objectives were to give further 
consideration to the advisability and practicability of chemical control 
of immature mayflies and caddisflies and to study the possible effects of 
treatment of the insect populations on other elements of the aquatic en­
vironment. Support was again granted by the National Science Foundation 
(G-13253), and field work began in 1960. 
It was hoped that investigators could observe and record the effects 
of removal of immature mayflies and caddisflies from the river bottom 
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after treatment of small areas. Field tests should, for example, disclose 
whether other organisms can be expected to fill ecological niches vacated 
by mayflies or caddisflies, whether fishes which normally iced extensively 
on these insects can be expected to shift to other food, whether fishes 
might be poisoned by feeding upon poisoned insects, the period of time 
which can be expected to elapse before the poisoned species or other 
organisms move into the treated areas, whether organisms other than fish 
which depend upon the nuisance species of insects will be eradicated or 
will shift to other food, and whether chronic as well as acute toxicity 
might be a factor in such experiments. Before field experiments are con­
ducted on even small areas of the river bottom, however, certain basic 
problems must be resolved. 
A project such as this, although its objectives are not to control 
insect populations, must of necessity be approached like a control program. 
Certain basic questions are suggested by Springer's (1956) "primary factors 
to be considered in control programs". They are: 1) what kind of in­
secticide should be used?, 2) at what rate should it be applied?, and 3) 
what animals are apt to be adversely affected?. It was felt that answers 
to these questions would need to be obtained before any field experimentation 
could safely be undertaken. It is hoped that the research described in 
this dissertation has led the way to some of the answers. 
This dissertation is being written at a time in which the U, S. 
Congress is investigating the sale and indiscriminate use of pesticides. 
National attention has been focused on the pesticide problem primarily 
through the efforts of Rachel Carson, who has ably set forth the hazards 
of unwise use of modern chemical insecticides (Carson, 1962). Most 
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informed individuals believe that there is often justification for the 
use of pesticides, but that there has been too little investigation of 
the possible consequences of many recent control programs prior to their 
initiation. Byrd (1959) reviewed the unexpected consequences which 
accompanied the control of the fire ant (Solenopsis saevissima) and 
concluded that more research was needed, and that more should have been 
done before the control project was begun. Leonard (1960) briefly re­
viewed the conflicts of interests regarding pesticides which have occurred 
in Michigan and concluded that more research should precede extensive 
control programs. Hoffman (1959) enumerated important reasons for insect 
control and reviewed the effects of insecticides on aquatic life. He 
also emphasized the need for more research before treatments, as well as 
for more emphasis on biological methods of control and on selective 
chemicals. He further pointed out the need for detailed studies on the 
effects of insecticides on fish and fish-food organisms. Linduska (1948) 
stated that research on the possible effects of modern chemicals has not 
kept pace with the production of new insecticidal products. Henderson, 
et al. (1959 and 1960) pointed out the need for research in several areas 
as suggested by their studies. Among these was a need for research on the 
relative toxicity of insecticides to various species of fish and to major 
fish-food organisms. It is clear that research on the toxicity of modern 
insecticides to important fish-food organisms is needed and that any 
dissemination of toxic chemicals in the field should be preceded by 
extensive research. Results of research of this type usually materialize 
slowly and, in the final analysis, only experimentation under field 
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conditions can supply accurate estimations of the effects of a chemical 
in natural conditions. 
The studies described in this paper were carried on near Lock and 
Dam 19 on the Upper Mississippi River and in the laboratories of the 
Fish and Wildlife Section of the Department of Zoology and Entomology 
at Iowa State University. Although benthos collections were also made 
in the swift-current areas below the dam where caddisflies are abundant, 
the present paper deals only with the benthic community in the pool 
above the dam. 
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MATERIALS AND METHODS 
The research conducted to resolve the problems set forth in the 
introduction involved two basic phases and continuation of some projects 
begun before the summer of 1960. Before treating even very small areas 
of the river on an experimental basis, it would be imperative to learn 
something of the effects of the various types of insecticides on the 
nuisance species of aquatic insects as compared with their effects on 
other elements of aquatic life, particularly the fishes. This type of 
information would be needed to properly evaluate insecticides under 
consideration for field use and also for calculation of an approximate 
concentration to be used in field experiments. Since no specific in­
formation of this kind was available regarding the insecticides considered 
likely to be most effective, arrangements were made to conduct toxicity 
experiments in laboratory aquaria. The data recorded after holding 
immature insects in various specific concentrations of insecticides could 
be used to compare not only insecticides but also the relative suscepti­
bility of the animals tested. 
Before studying the effects of a treatment on the animals in and on 
the river bottom, it would also be imperative to have prior knowledge of 
a "normal" or untreated river bottom. To gain this type of knowledge a 
study of the macroscopic bottom fauna both above and below the dam at 
Keokuk was initiated in the summer of 1960. Since field experiments could 
most easily and practically be conducted over relatively shallow areas of 
the river, several such areas were selected for bottom sampling above and 
be low the dam. Extensive bottom fauna collections were made at these 
areas throughout the summer months of 1960 and 1961. While this work in 
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the Keokuk area proceeded, certain aspects of the life history and distri­
butional studies were further investigated. 
Procedure for Estimation of Hexagenia Population 
Pool 19, the impoundment behind Dam 19 at Keokuk, extends from Keokuk 
to Burlington, Iowa, a distance of approximately 45 miles. 
Pool 19 was divided into three portions after field observation and 
study of navigation charts, and a transect was established in 1959 to re­
present each of the three portions. The upper 20 miles of Pool 19 are 
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characterized by a rather narrow main channel, in which the current is 
sufficient to prevent much deposition of silt. The region is also charac­
terized by many islands and sloughs adjacent to the main channel. The 
middle section of Pool 19 is about a mile wide and has little current ex­
cept in the navigation channel and adjacent deep water. It represents 
approximately 22 miles of the river. The lower 3.5 miles of Pool 19 might 
properly be called Lake Keokuk. In this region the river is approximately 
a mile wide and is quite deep along the Iowa shore and in its middle regions. 
Transect I, below Burlington, Iowa, was selected to represent the upper 20 
miles of the pool. Transect II, near Nauvoo, Illinois, was chosen as 
representative of the middle 22 miles. Transect IV was placed near the 
dam at Keokuk and was considered to represent the lower area of Pool 19. 
Transect III, a short transect between two islands near Transect I was 
not used for any population estimates and was not sampled after 1959. 
The transects were described fully by the author in his M.S. thesis 
(Carlson, 1960). It is sufficient here to present a brief description of 
the nature of the transects (see Table 1). 
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Table 1. A brief description of the transects established in June, 1959, 
in upper, middle, and lower Pool 19. 
Estimated 
Transect Number of stations length in feet 
I (south of Burlington, Iowa) 
Section I 
Section II 
Section III 
Section IV 
Unsampled productive area 
II (near Nauvoo, Illinois) 
Section I 
Section II 
Section III 
Section IV 
Unsampled productive area 
IV (north of Dam 19 at Keokuk) 
Sampled area 
Unsampled productive area 
Stations were placed approximately 50, 100, and 150 feet apart at 
Transects I, II, and IV, respectively. Four Ekman dredge-hauls (one square 
foot) were taken at each station on each sampling date. 
Because different numbers and sizes of naiads were collected at 
different parts of the transects in upper and middle Pool 19 in 1959, 
and because these parts were also physically different, these transects 
were divided into sections for analysis. Each of the two transects was 
divided into four sections. A statistical analysis of the data collected 
in 1959 (Carlson, 1960) served to verify the difference between sections. 
No statistically significant difference was found to exist between the 
numbers of naiads collected at the various collecting stations within each 
section, but numbers of naiads collected at stations of different sections 
of the same transect were found to be significantly different. The number 
4 200 
4 160 
1 50 
1 50 
50 
3 210 
8 800 
1 200 
2 100 
900 
16 2265 
— 900 
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of naiads per square foot in each section was estimated, and, after con­
sidering the productivity of certain unsampled areas, the total number of 
naiads in a strip 1-foot wide across the river was estimated. On the basis 
of field observations, the unsampled productive area was believed to be 
similar in productivity to section IV at Transect I, an average of sections 
I, II, and III at Transect II, and the entire sampled area at Transect IV. 
The number of naiads per square foot at those sections was, therefore, 
used to estimate the number of naiads at the unsampled productive area at 
each transect. 
Since there seemed to be no difference in the numbers of naiads 
collected at the various stations at the transect in lower Pool 19, no 
division of that transect was deemed necessary. At the latter transect 
a single average number per square foot was computed and was used in the 
calculation of the number of naiads in a 1-foot wide strip across the river. 
Because the transects were believed to be typical of the regions they 
represented, the data collected at the transects were considered to be 
similar to those which might have been collected at other parts of each 
major portion of the pool. The data could then logically be used to re­
present each of the major portions of the pool and, finally, the entire 
pool. After an estimated total was obtained for a 1-foot strip across each 
major portion of the pool, that number was multiplied by the length in 
feet of that portion of the pool to arrive at an estimate of the number 
of naiads in each major portion. The totals from the upper, middle, and 
lower portions of the pool were then added to gain an estimate of the 
total number of naiads in the entire pool. The estimate of the total naiad 
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population derived from this method obviously will not be precise, but 
this method is believed to be an acceptable method of comparing naiad 
populations at various times. 
Although water depths and bottom sediments varied somewhat between 
1959 and 1961 at the transects at upper, middle, and lower Pool 19, it 
is felt that data collected are comparable because of identical methods 
of collection and analysis. 
Collection of Samples 
Hexagenia naiads were collected before, during, and after the major 
mayfly emergences in 1960 and 1961 at the transects established in 1959. 
The transects were, however, sampled only once in June, July, and August 
in i960 and 1961. All naiads collected were placed in 3-inch sections of 
glass tubing and preserved in gallon jars containing 75 percent ethanol. 
The naiads were later measured, sexed, and counted. A record of the re­
sults of the analysis of each sample was made on an index card and was 
filed. Collections of naiads were also made at the permanent sampling 
stations near Lock 19 as described by Carlson (1960). The latter stations 
were sampled once each week during June, July, and August of 1960 and 1961, 
and as often as possible during the fall, winter, and spring of each year. 
The organisms collected at the permanent sampling stations were preserved 
and analyzed as were those taken at the transects. 
During the summers of 1960 and 1961, letters to towboat captains and 
vials containing 75 percent ethanol were distributed in envelopes to tow-
boats passing through Lock 5A at Winona, Minnesota, and Lock 19. Dr. C. R. 
Fremling was responsible for distribution at Lock 5A, and the author made 
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provisions for distribution of materials at Lock 19. Captains were asked 
in the letters to collect adult mayflies as they passed through dense 
swarms. This method is described by Fremling (1960a) and by Carlson (1960). 
Vials containing mayflies were left at Lock 5A or 19 and were analyzed by 
Dr. Fremling or the author. The data were later plotted by Dr. Fremling 
and were used, as they had been in 1958 and 1959, to increase our knowledge 
of mayfly emergence over the entire Upper Mississippi River. Records of 
aquatic insect emergence near Keokuk and of general observations were main­
tained by the author. 
Early in June, 1960, eight sampling locations were established above 
the Keokuk Dam. An attempt was made to sample as many potentially different 
habitats as possible by placing the areas at widely scattered intervals 
on the mud flats adjacent to the eastern bank of the river. The mud flats 
were believed to be best suited to field toxicity experiments, since they 
lie under relatively shallow water and harbor myriads of Hexagenia naiads. 
The' river usually flows slowly over the mud flats, and they constitute a 
habitat like that found in much of the lower 25 miles of Pool 19. The 
bottom mud at all of these areas was rich in organic matter and can be 
classified roughly as a silt-loam much like the bottom at Transect IV 
(Carlson, 1960) which extended across the same mud flats a short distance 
above Dam 19. Because few Hexagenia adults are believed to fly more than 
3 miles from their place of emergence (Fremling, 1960a), it was decided to 
restrict the area of extensive sampling above the dam to within 3 miles of 
the Keokuk business district. At each of the eight sampling areas, a 
square with sides 66 feet long was marked out with long poles driven into 
the river bottom to mark the corners. Then, 66 feet downstream from the 
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first square, a second square of the same proportions was marked out in 
the same manner. Thus, at each area, two 0.1 acre squares were identified 
and were separated by 66 feet. Sampling areas were established in this 
manner in order that the downstream square could be treated when field 
experiments were begun. The upstream square at each location could re­
main untreated and serve as a ••control" with which the results of the 
treatment could be compared. The upstream area was in each case desig­
nated by a letter of the alphabet, and the downstream area with two of 
the same letters. 
All sampling areas above the dam were as precisely located as possible 
in the field by visual sightings between permanent structures on both 
shores. Approximate locations of each pair of sampling areas are as 
follows. Areas A and AA were marked out about \ mile above the Keokuk 
Dam and approximately 300 yards off the eastern bank of the river. Their 
location on navigational charts was estimated as very near mile 364.5. 
Water depths at these stations varied from 4 to 5 feet during sampling 
periods in the summers of 1960 and 1961. Areas B and BB were located 
about 600 yards from the eastern bank of the river and approximately 
\ mile above the Keokuk Dam (estimated as mile 365.0). The water depth 
at these areas varied from 3.5 to 4.5 feet during the summers of 1960 and 
1961. Areas C and CC were located only about 100 feet off the Illinois 
shore at a distance of about 200 yards above a low concrete bridge which 
is visible from the river and spans Chenney Creek. The location was 
approximately £ mile upstream from area B and was very near mile 365.2 
as estimated from navigation charts. Water depths varied at this location 
between 6.5 and 7.5 feet during the sampling periods, A slightly faster 
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current than that at other areas was usually present at this location. 
Areas D and DD were situated about 600 yards from the Illinois shore and 
only about 175 yards above Area C (at approximately mile 365,3), Depths 
at these areas fluctuated between 3,5 and 4,5 feet during the sampling 
periods. Areas E and EE were located about 150 yards off the Illinois 
shore about § mile above area 0 (near mile 365.8). Depths at these areas 
varied between 4.5 and 6 feet during the periods in which samples were 
taken. Areas F and FF were situated approximately 300 yards from a second 
low concrete bridge above the dam on the Illinois shore at about mile 
366.4. Depths at these areas varied between 4.5 and 5.5 feet during 
sampling periods. Areas G and GG were located about 100 yards upstream 
from area F near mile 366.6. Water depths at these areas varied around 
4.5 feet during the sampling periods. Areas H and HH were established 
at a point nearly 300 yards above area G (mile 366.8) and 150 yards from 
the eastern bank of the river. Depths at these stations fluctuated around 
5 feet during the sampling periods. 
Two square-foot samples (eight Ekman dredge-hauls) were taken in each 
of the 0.1 acre plots each time an area was sampled. Within each plot, 
four locations were selected at random, and two dredge-Hauls were taken 
at each location. The contents of one of the dredges were then washed 
in a screened pail (Fremling, 1961) containing 20-mesh wire screen. The 
contents of the second dredge were washed in a screened pail containing 
40-mesh wire screen. Each time the areas were sampled, one square-foot 
sample (four dredge samples, each preserved separately) from each plot was 
washed in the 20-mesh pail, and one square-foot sample was washed in the 
40-mesh pail. All macroscopic organisms retained by the screen of the pail, 
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after the contents of each dredge had been washed, were removed from the 
pail with forceps and placed in 60 percent ethanol in glass vials, A 
small card bearing information on place and date of collection, as well 
as which pail had been used in washing, was placed in the vial with the 
specimens obtained from a single dredge-haul. All organisms were later 
transferred to 3-inch sections of glass tubing. The tubing sections were 
capped with netting and placed in gallon jars containing 60 percent 
ethanol. Large mollusks and appropriate labels were wrapped in netting 
immediately after collection and were placed in jars containing 60 percent 
ethanol. All of the sampling areas above the dam were sampled once each 
week from June 14 through August 17 in 1960, and once during each of the 
same three months in 1961, 
In most recent bottom fauna studies, a screen size of 30- or 40-mesh 
to the inch has been employed for separation of organisms from the bottom 
sediments. Since less time is required for the removal of sediments with 
the use of a larger mesh size, a comparison of 20- and 40-mesh screens was 
made by using screened pails containing mesh sizes of both types during 
1960. There appeared to be very little difference in collections made 
above Dam 19 with the two pails. To test the validity of this observ­
ation, a statistical comparison of the organisms collected with the 
different screens at three sampling areas was made. Areas AA, 0C, and D 
I 
were selected for the analysis by drawing cards from a container which 
held 16 cards representing all of the sampling areas. The method of com­
parison used was a test for differences as illustrated by Snedecor (1956, 
Section 2-9). Since it seemed unlikely that mollusks would pass through 
the 20-mesh screen, the numbers of Hexagenia and the combined numbers of 
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leeches, chironomids, and oligochaetes collected with the two pails during 
the 10 weeks of sampling in 1960 were compared (Table 2). All six tests 
for significance resulted in "t" values which were non-significant at the 
95 percent level. Therefore, there was no reason to reject the hypothesis 
that the mean differences in numbers of organisms collected by the two 
screened pails were zero. Data resulting from the use of both pails were, 
therefore, combined to provide a single estimate of the number of organisms 
of each type at each sampling area in 1960. During 1961, only the 20-mesh 
pail was used in the interest of conserving time, and only a single square-
foot sample was taken from each sampling area once each month. A total of 
1280 individually-preserved Ekman dredge samples were collected in 1960, 
and 192 were taken as a result of the reduced 1961 sampling schedule. Only 
I 
a single sample was accidentally destroyed when a vial was broken in the 
summer of 1960. 
Identification of Specimens 
As time permitted during the school year, sections of tubing were re­
moved from storage, and their contents were examined. Identifications 
were made to at least the generic level with the exception of the oligo­
chaetes and a few Ilirudinea and Chironomidae (Diptera), and all organisms 
were counted. Because of the very large numbers of Sphaerium transversum 
which were collected, their number was estimated after several counts had 
been made. Sphaerium from 55 collections selected at random and repre­
senting all 16 sampling areas and both years were counted, and their total 
volume after air drying was measured. From the data collected, an average 
of 38.5 Sphaerium per cubic centimeter was calculated. In other samples 
1 
2 
3 
4 
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6 
7 
8 
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Numbers of organisms collected in 20- and 40-mesh screened pails at areas AA, CC, 
and D during 1960. 
AREA AA AREA CC AREA D 
lexagenia Chironomids, 
oligochaetes, 
and leeches 
Hexagenia Chironomids, 
oligochaetes, 
and leeches 
Hexagenia Chir onomids, 
oligochaetes, 
and leeches 
lesh 
20 
size 
40 
Mesh 
20 
size 
40 
Mesh 
20 
size 
40 
Mesh 
20 
size 
40 
Mesh 
20 
size 
40 
Mesh 
20 
size 
40 
73 61 11 25 48 52 2 2 39 42 14 24 
50 54 19 23 61 69 7 4 35 38 17 29 
37 49 7 9 43 57 6 2 37 43 17 19 
24 27 7 14 62 50 7 6 34 41 19 16 
22 7 13 15 32 26 5 8 15 15 14 19 
33 25 17 21 29 29 5 0 20 28 38 22 
20 12 15 10 26 24 5 5 13 10 18 52 
12 10 12 10 12 24 5 10 10 5 10 28 
11 2 22 17 9 8 6 3 7 0 31 37 
4 9 13 18 7 8 7 14 4 3 28 51 
18 
in which more than a few Sphaerium occurred, only the volume in cubic 
centimeters of the air-dried clams was measured. Their number was later 
estimated by simply multiplying the volume by 38.5. 
The larvae of several species of Chironomidae were collected during 
both summers. After several attempts to identify them with a binocular 
dissecting microscope as suggested by Pennalc (1953), it became apparent 
that far more magnification would be necessary for accurate determinations. 
Despite a desire to avoid time-consuming procedures, it was decided that 
larvae could only be identified satisfactorily if mounted on slides and 
observed with the aid of a compound microscope. This would at least be 
necessary until the author had familiarized himself with certain key 
characteristics of the larvae. Because of the large number of specimens 
which were collected, a mounting technique was sought which would require 
a minimum of time and still permit identification to the generic level. 
It would also be desirable to employ a technique which would provide 
permanent mounts of the larvae. 
Several dipterists have followed the methods for mounting tendipedids 
and other Nematocera outlined by Johannsen (1937). Johannsen suggested 
mounting cast larval and pupal skins, as well as dissected heads of 
chironomids and ceratopogonids, in balsam after dehydration in absolute 
alcohol and clearing in xylol. He also suggested the use of "Euparal" 
to avoid clearing, since preparations could, be mounted directly from 95 
percent alcohol. Curry (1961) also recommends use of the xylol and balsam 
combination. He suggests placing the larva on a slide and flooding with 
absolute alcohol, xylol, and balsam, successively. The larval head is to 
be removed after the second xylol wash, and minute dissection of the head 
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may be done in balsam. These techniques (xylol - balsam and Euparal) 
and five others were used by the author in an attempt to determine if 
these "standard" techniques would prove more desirable than the use of 
other clearing and mounting agents. 
In preparing each slide, a larva first was placed on a microscope 
slide and centered. The head was then severed from the body and posi­
tioned with the ventral aspect upward to allow observation of the labial 
apparatus. Finally, the mounting medium and cover slip were added. 
Glass fragments were placed under the cover slip to avoid undue crushing 
of the specimen. 
Gray (1954) lists three basic types of mounting media which are em­
ployed to both preserve the specimen and hold the cover slip in position. 
The three types are 1) those miscible with water and requiring no dehy­
dration or clearing, 2) those miscible with alcohol and requiring only 
dehydration, and 3) those miscible with neither alcohol nor water and re­
quiring both dehydration and clearing. At least one representative of each 
of these types was tested. Those methods which were deemed likely to con­
sume the least amount of time were selected. 
Representatives of the first category which were employed were Hoyer *s 
gum arabic, polyvinyl alcohol lacto-phenol, and Turtox CMC-S. The avail­
able Hoyer *s was a modification by D. A. Cross ley which contained 20 g of 
gum arabic, 15 g chloral hydrate, and 20 cc of glycerine per 50 ml of 
water, The original formula of Hoyer contained 50 g of gum arabic and 2 g 
of chloral hydrate per 50 ml of water (Gray, 1954). Specimens were placed 
in distilled water for 10 to 15 minutes before decapitation and mounting 
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with Hoyer*s. Slides were then dried at 95 degrees C. for 48 hours. 
Cover slips were applied and ringed with fingernail polish. Physical 
properties and suggested uses for PVA were cited by Lubkin and Carsten 
(1942) and Downs (1943). Downs* modification of the original lacto-
phenol medium was employed as he suggested for the mounting of mosquito 
larvae. The constituents of the medium were Grade RH-349 PVA (56 percent 
by volume), phenol (22 percent), and lactic acid (22 percent). Specimens 
were hydrated for 10 to 15 minutes in distilled water before decapitation 
and mounting in PVA lacto-phenol. Slides were allowed to dry at room 
temperature and were later cleaned with hot water and ringed with finger­
nail polish. Specimens mounted in Turtox CMC-S were similarly hydrated, 
decapitated, and mounted. The latter medium is advertized as a material 
which can be used to kill, fix, clear, stain (red), and mount small 
Crustacea or Diptera in a single operation. After slides were prepared 
with Turtox CMC-S, they were allowed to dry at room temperature and were 
ringed with fingernail polish. Excesses of any of these media could 
easily be cleaned from the slides with hot water. 
Euparal was selected as a representative of mountants miscible with 
alcohol. Euparal is a proprietary preparation made by Flatters and 
Garnett, Ltd., of Manchester, England. Larvae were held in 95 percent 
ethanol for 10 minutes before decapitation and mounting in Euparal. 
Canada balsam and Kleer-mount synthetic resin were used as repre­
sentatives of those media with which both dehydration and dealcoholization 
(clearing) must be used. Gray (1954) lists essential or natural oils and 
synthetic oils as the two basic types of clearing agents which are common­
ly used with this third category of mountant. These were represented in 
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the author«s experiments by methyl salicylate (a natural oil) and xylol 
(a synthetic oil). Hie former was employed with Kleer-mount synthetic 
resin, and. the latter was used with both Kleer-mount and Canada balsam. 
In the use of each of these, it was first necessary to dehydrate the 
specimens by placing them in absolute alcohol for about 10 minutes. The 
larvae were then cleared for about 10. minutes before removal of the head 
and addition of the mountant. 
A summary of the mountants used and procedures other than mounting 
required to prepare specimens from 60 percent ethanol is presented in 
Table 3. Each step required is indicated by a plus. 
Table 3, Procedures required in the preparation of slides of chironomid 
larvae with various mounting media. 
Ringing of 
Medium Dehydration Dealcoholization Hydration cover slip 
Category I 
Hoyer *s - - + + 
PVA lacto-phenol - - + + 
Turtox CMC-S - - + + 
Category II 
Euparal + — — — 
Category III 
Xylol-balsam + + -
Wintergreen-4C leer-
mount + + -
Xylol-K leer-mount + + -
On the basis of time required, as indicated by the number of steps in­
volved, Euparol had the advantage over all other methods. All methods 
except Turtox CMC-S served to clear the insects well enough to facilitate 
study of the labial plates, paralabial plates, and other head structures. 
22 
The dye in the latter medium tended to obscure heavily sclerotized areas. 
Most of the slides on which Hoyer *s medium was used developed large air 
bubbles under the cover slips while drying. It was necessary to work the 
bubbles out and to add additional medium before ringing. When observed 
after three or four months, nearly all the slides on which water-soluble 
mountants were used had developed air bubbles. This was probably due to 
incomplete ringing but was considered an important disadvantage in the use 
of these media. Ringing, though not a difficult procedure, was objection­
able to the author because of the time it required. Kleer-mount and balsam 
seemed equally easy to use after some experience. Dilution of the latter 
media to the proper viscosity was found to greatly enhance the speed and 
success of slide preparation. Methyl salicylate (oil of wintergreen) is 
often preferred over xylol because of its more pleasant odor. 
Because of these results, Euparal was used in the preparation of all 
chironomid slides until the available supply was exhausted. It then seemed 
advisable to convert to balsam by adding a clearing agent rather than wait 
for a new shipment of Euparal. Balsam and xylol were used in the pre­
paration of the majority of the slides. Larvae were placed for about 10 
minutes in covered beakers of absolute ethanol and xylol, while other 
specimens were mounted and labeled. After several slides had been prepar­
ed and studied, it was usually possible to determine the genus of a 
familiar organism under the dissecting microscope. As unfamiliar genera 
were removed from storage, it again became necessary to prepare slides 
for observation of important characteristics. The keys of Curry (1961), 
James (1959), Hennig (1948), Pennak (1953), and Wirth and Stone (1956) 
were used in combination and seemed to provide a means for reliable 
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generic identifications. Representatives of each genus were sent to 
Dr. LaVerne L. Curry of Central Michigan University for confirmation 
of determinations. 
Gastropoda and Sphaeriidae were sent to Dr. Henry van der Schalie of 
the University of Michigan Museum of Zoology for identification. Repre­
sentatives of each species were retained by the author and were used for 
comparison in identification of other specimens, Oligochaetes, though 
not further classified by the author because of excessive fragmentation 
in ethanol, were sent to Dr. Ralph 0. Brinkhurst of the University of 
Liverpool, England, for identification. Many Ephemeroptera and Trichop-
tera had previously been identified by Dr. H. H. Ross of the Illinois 
Natural History Survey, Mr. Thomas Thew of the Davenport Public Museum, 
and Dr. C. R. Fremling. All other organisms were identified only by the 
author using existing keys. An index card containing determinations and 
counts was prepared for each sample, and cards were filed according to 
location and date of collection. 
Bioassay 
Selection of toxicants 
Bioassays involving immature aquatic insects were conducted in the 
laboratories of Iowa State University during the summer months of 1961 
and 1962. The objectives of the laboratory tests of toxicity were to 
establish methods by which chemicals for field testing might be evaluated. 
A chemical to be used in even small study areas on the river should 
ideally be 1) highly toxic to the insects being treated, 2) relatively 
low in toxicity to fish and mammals, 3) eventually degraded to nontoxic 
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products in water, and 4) unlikely to be transferred in food chains. 
These criteria are among those established by Dolphin and Peterson (1960) 
in their search for a control of the Clear Lake (California) gnat. After 
consultation with advisors, university entomologists, and representatives 
of chemical manufacturers, it was decided that the organophosphorus in­
secticides would probably best meet the requirements mentioned above. 
The decision was made in spite of the case for DDT or other chlorinated 
hydrocarbons which was presented by Fremling (1960a) and for the follow­
ing reasons. 
Chemical insecticides of the organophosphorus group are all poten­
tially hydrolyzable, though the rapidity with which they undergo hydrol­
ysis hinges upon many factors (Obrien, 1960). Obrien reveals that their 
action in the poisoning of insects is still vigorously debated, but that 
physiologists generally agree that they cause acute poisoning of mammals 
by inhibition of the cholinesterase of the nervous system. Negherbon 
(1959) states that cholinesterase inhibition is generally considered 
responsible for their toxic action in insects as well as in mammals, 
Weiss (1959) has demonstrated that their action upon fishes is similar 
to that on mammals. Obrien (1960, p. 29) also states that: 
"... the reactivity of these compounds with cholinesterase is 
very closely related to their chemical reactivity, as one would 
indeed expect since the process of organophosphate inhibition 
of cholinesterase is a purely chemical one, although very complex." 
Obrien further states that initial hydrolysis of these compounds, which are 
basically esters of phosphorus acids, constitutes detoxification. Hydrol­
ysis generally renders an organic phosphate incapable of reaction with 
cholinesterase and, therefore, nontoxic. Evidence of the rapid 
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detoxification of organic phosphates in water is presented by Henderson 
and Pickering (1958), who state that only minor increases in fish mortality 
occurred between 24 and 96 hours in bioassays, because most compounds under 
consideration quickly hydrolyzed to less toxic materials. One notable ex­
ception was Dipterex which was hydrolyzed to a highly toxic material. 
Pickering, Henderson, and Lemke (1962) also noted only moderate increases 
in mortality of fish between 24 and 96 hours in suspensions of organo-
phosphates, Nicholson (1959b) states that chlorinated hydrocarbon insecti­
cides as a group constitute the greatest threat to water resources, whereas 
the majority of organic phosphates hydrolyze with comparative rapidity 
(in a matter of hours or days). 
Chlorinated hydrocarbons have also proved to be more toxic to fishes 
than the organophosphorus insecticides. Nicholson (1959a) states that 
organic phosphates are less toxic to fish than chlorinated hydrocarbons 
and are not as likely to damage water resources. Hoffman (1959) considers 
DDT the insecticide which is potentially the most harmful to aquatic life 
in general and states that in aquarium tests many organic phosphates have 
been shown to be less toxic to fish than the chlorinated hydrocarbons. On 
the basis of experimentation with bluegill sunfish, Pickering, et al. 
(196% p. 180) concluded: 
"On the basis of 96-hour TLm values, the organic phosphorus compounds 
are generally less toxic to fish than the chlorinated hydrocarbons. 
Many of them are also less stable in water. It may be expected, 
therefore, that as a group the organic phosphorus insecticides would 
be less hazardous to fish. However, as the toxicity and character­
istics of compounds of both groups vary widely, evaluation must be 
made on the basis of the individual compound." 
In comparing insecticides with regard to toxicity to fishes, Henderson, 
et al. (1960, p. 84) concluded that : 
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"... all of the chlorinated hydrocarbons except BIC are more toxic 
than the most toxic organic phosphorus compound under these ex­
perimental conditions. On the basis of these data it is apparent 
that the chlorinated hydrocarbon insecticides would be of considerably 
more significance than the organic phosphorus compounds from the 
standpoint of protection of aquatic life. Some of the organic 
phosphorus compounds also hydrolyze rapidly to nontoxic products 
and many do not have the long-term residual toxicity characteristic 
of the chlorinated hydrocarbons." 
The latter authors have, however, also discovered a much greater toxicity 
differential between species of fish to organic phosphates. Weiss (1959) 
states that organophosphorus insecticides are, though highly toxic in their 
own right, generally less toxic to fishes than chlorinated hydrocarbons. 
Negherbon (1959, p. 556) states that sub-intoxicating doses of organic 
phosphates generally are : 
"Detoxified in the animal body with relative swiftness, and these 
compounds are not stored or accumulated in the body." 
Use of this category of insecticides would reduce the danger of transfer 
of toxicants in food chains as apparently happened in the control of the 
Clear Lake gnat. Rudd and Cenelly (1956) and Lindquist, et al. (1951) 
reported a successful control of gnats at Clear Lake after the use of a 
chlorinated hydrocarbon (TDE). No serious losses of fish or fish food 
organisms were apparent. Repeated treatments of the lake, however, led 
to kills of hundreds of grebes (Hoffman, 1959) which probably were killed 
by poison which had accumulated in organisms upon which they fed. DDT, 
TDE, and some other chlorinated hydrocarbons are stored in animal fat and 
can accumulate to high concentrations (Metcalf, 1955), thus making animals 
potentially harmful to any other organism which might feed upon them. 
DDT and other chlorinated hydrocarbons also seem to be more harmful 
to life in water than to land animals. Linduska (1948), in a comparison 
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of the effects of DDT on the various classes of vertebrates, concluded 
that fishes (and other aquatic animals) were more susceptible than land 
forms. Adams, et al. (1949) found DDT to be most toxic to fishes, less 
so to birds, and least toxic to mammals. Springer (1956) cites the 
highly toxic effects of many of the chlorinated hydrocarbons to fishes. 
He states that some of the organophosphorus insecticides which are gen­
erally more toxic to mammals are less toxic to fishes than the chlorinated 
hydrocarbons. Henderson and Pickering (1958) also conclude that organic 
phosphates are more toxic to mammals but less toxic to fishes than the 
chlorinated hydrocarbons. Although the latter compounds appear to be 
safer from the aspect of handling, they seemed more likely to cause un­
desirable changes in the aquatic biota. 
Pickering, Henderson, and Lemke (1962, p. 180) have stated that: 
"Recently there has been considerable interest in the development 
of chemicals that are highly toxic to certain species of damaging 
insects but are relatively nontoxic to fish and mammals. Some 
organic phosphorus chemicals hold promise from this standpoint and 
there is much need for further research and development." 
Although mayflies and caddisflies are not generally considered among 
"damaging" insects, the organic phosphates do show most promise for uses 
such as those planned for our future research. 
After a decision was made to carry on laboratory toxicity experiments 
with organophosphorus insecticides, correspondence with chemical corpor­
ation personnel was initiated. A total of 28 formulations was obtained 
prior to the summer of 1961. In most cases, technical products (from 
which commercial preparations are usually mixed) were sought, but several 
manufacturers sent preparations containing a lower percentage of active 
ingredient. Insecticides in their purest (technical) forms have usually 
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been used in more recent bioassays involving fishes. 
After experimentation began, it soon became apparent that time would 
not permit a study of the relative potencies of all of the products which 
were acquired. A selective process was then begun to eliminate from con­
sideration those chemicals which were the most toxic to fishes and mammals. 
A commonly accepted basis for comparison of chemicals with regard to mam­
malian toxicity is the acute oral LD^Q to rats expressed as milligrams 
per kilogram. DuBois, et al (1953, p. 351) state that: 
"Previous studies in this laboratory have shown that there is little 
species difference in susceptibility to the toxic action of 
cholinergic organic phosphates." 
We may assume, therefore, that a similar dose of chemical per kilogram 
of body weight would cause a reaction in man much like that produced in 
rats. It was also deemed desirable to study the effects of insecticides 
which had previously been tested on fishes by other experimenters (notably 
the U. S. Public Health Service). An effort was made to perform experi­
ments only with chemicals on which comparative data were readily available. 
Of the chemicals which had been acquired, Malathion, Dylox (Dipterex), 
and Co-ial appeared to have characteristics which would justify further 
study of their toxicity. Malathion, according to Rudd and Genelly (1956), 
was the first organic phosphate to be approved for home and garden use 
and was the safest of the organic phosphates then in common use. Negherbon 
(1959) cites malathion as approximately 100 times less toxic than para-
thion to higher animals. His compilation lists acute oral ID^q values to 
rats fed technical grade (95 percent or higher purity) Malathion as 1500, 
2100, and 4700 mg per kg depending on the formulation. Malathion is, 
however, among the more toxic of organic phosphates to bluegills 
(Pickering, et al., 1962) as evidenced by a 96-hour TLm value of 0.090 ppm. 
Dylox or Bayer L 13/59 (also called Dipterex) is among the least toxic of 
organophosphorus insecticides which have been studied with bluegills. 
Pickering, et al. (1962) report a 96-hour TLm value of 3.8 ppm. Dylox is 
also relatively low in toxicity to mammals. Negherbon (1959) and manu­
facturer's literature list acute oral LD^g values to rats as 450 and 
500 mg per kg. A particularly convenient property of Dylox was its high 
solubility (up to 12 percent) in water, which greatly facilitated the 
preparation of bioassay solutions. The rather unusual ability of Dylox 
to hydrolyze to a toxic compound has already been mentioned. However, 
after only 24 hours, it is extremely low in toxicity to fishes (Pickering, 
et al., 1962). Co-ral or Bayer 21/199 is another insecticide with 
moderately low toxicity to mammals among the organic phosphates. Manu­
facturer *s literature lists acute oral LD^q values to male rats due to 
feeding technical Co-ral as varying from 56 to 230 mg per kg depending 
on the method of application. Pickering, et al. (1962) report Co-ral as 
intermediate in toxicity to bluegills among the organic phosphates whose 
properties had been investigated (96-hour TLm of 0.18 ppm). The chemicals 
used and some of their characteristics are summarized in Table 4. 
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Table 4. Summary of technical grade insecticides used in bioassays 
involving immature aquatic insects. 
Compound Manufacturer 
Percent 
Active active 
ingredient ingredient 
Solubility 
in water 
Malathion American 
Cyanamid 
Company 
0,0-dimethyl 
dipthi ophos phat e 
of diethyl 
mercaptosuccinate 
95 s lightly 
Dylox 
(Bayer L 
13/59) 
Chemagro 
Corporation 
0,0-dimethyl 2,2,2-
trichloro-l-hydroxy-
ethyl phosponate 
99 12 percent 
at 26° C. 
Co-ral 
(Bayer 
21/199) 
Chemagro 
Corporation 
0,0-diethyl 0-3-chloro-
4-me thyl-2-oxo-2H-1-
benzopyran-7-yl 
phosphorothioate 
- 97.5 Insoluble 
Bioassay procedure 
Since it seemed desirable to be able to compare (as freely as assump­
tions would allow) the data to be collected from bioassays involving 
immature aquatic insects with data in the literature regarding the effects 
of toxicants on fishes, all attempts were made to employ methods as much 
like those commonly used on fishes as conditions permitted. The methods 
suggested for assays involving fishes by Douderoff, et al. (1951), 
Henderson and Tarzwell (1957), and the American Public Health Association 
(1960) were studied. References to the actual use of suggested methods 
are available in publications of the personnel of U. S. Public Health 
Service laboratories. It was impossible to follow procedures outlined 
for bioassays involving fishes to the letter, but attempts were made at 
all times to keep procedures comparable. Location of experiments at first 
posed a problem, but it was decided that facilities for mixing and storage 
of chemicals and cleaning of glassware, as well as adequate space for 
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experimentation, at university laboratories outweighed the ready avail­
ability of insects at Keokuk. This decision necessitated transporting 
insects over 200 miles to the laboratory and collection of individuals 
for up to 2 weeks of experimentation. It was also necessary to budget 
time because insects (particularly mayflies) could only be had in quan­
tities desired at certain times of the year. Generally, summer experiments 
were conducted on mayflies until after the major emergences of July, when 
naiads became relatively scarce. Then experimentation with caddisflies 
was begun and continued throughout the summer as time permitted. 
Mayfly naiads proved relatively easy to transport and to hold in the 
laboratory. They were collected above the Keokuk Dam with an Ekman dredge 
and were placed in lO-gallon milk cans for transportation. Generally, 
3 to 5 dredge-hauls of mud and water were first placed in the cans. 
Then about 100 naiads were separated from mud obtained by further dredg­
ing with the aid of the screened pails used in bottom sampling and were 
added to the contents of each can. 
Finally, the cans were filled to about three-fourths full with river 
water and were taken to the laboratory in a station wagon. In the laboratory 
the naiads were strained from the mud with another screened pail employ­
ed in a deep sink and were placed in previously prepared aquaria. 
Aquaria prepared to receive mayfly naiads contained mud from the river 
to a depth of about 6 inches and were filled with constantly aerated 
river water. Tygon plastic tubing was used for aeration in all systems 
because mortality has been experienced as a result of the use of latex 
tubing (Dewitt, 1957). Good survival in the aquaria was indicated by 
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the periodic observation of activity in the aquaria, by the results of 
dredging in the aquaria, and by emergence of subimagoes from the aquaria 
from 3 to 5 months after the addition of naiads. When naiads were needed 
for testing, they were removed by straining small portions of the contents 
of the aquaria. A small aluminum kitchen strainer and a screened pail 
were used for straining. Naiads were generally placed in the water used 
as a diluent in bioassays for 1 or 2 hours while test solutions were 
mixed. This allowed them a short acclimatization period before the actual 
testing period began. 
River water was also transported from Keokuk to the laboratory and 
stored in 5-gallon glass carboys for subsequent use in bioassay solutions. 
Silt and organic material were allowed to settle from the water, and 
aeration was begun at least 24 hours before tests were performed. Dis­
solved oxygen determinations were performed on the water by the Winkler 
method (Welch, 1948) before and after at least 1 of the experiments in each 
series of 3 identical experiments. A liter of water was added to each of 
two containers like those containing insects under observation, and these 
were used as sources of temperatures and dissolved oxygen data. Oxygen 
determinations after conclusion of experiments were performed on con­
tainers which held untreated (control) insects. Generally, standard 
methods call for the use of the water which will receive the toxicant 
as a diluent in assay, unless it itself is toxic due to pollution or 
contamination (American Public Health Association, 1960). The water used 
for mixing solutions or suspensions of organophosphorus insecticides is 
probably of relatively minor significance. Pickering, et al. (1962, p. 181) 
state that: 
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"Previous work ... has shown that, with few exceptions, the toxicity 
of the organic phosphorus insecticides was not greatly influenced 
by changes in water quality characteristics such as pH, alkalinity, 
and hardness. Experiments with additional organic phosphorus com­
pounds in hard and soft waters .... further substantiate this." 
The toxicity of Dylox (Dipterex), however, has been shown to be directly 
related to the hardness of the water, since it breaks down to toxic products 
more rapidly in more alkaline waters (Henderson, et al., 1960). 
Assays were conducted in wide-mouth glass jars of 2-quart capacity. 
Each jar contained 1 liter of a mixture of river water and the desired 
amount of chemical. The usual procedure for the preparation of solutions 
involved first weighing out on an analytical balance 500 mg of technical 
grade insecticide as obtained from the manufacturer and then adding acetone. 
Weighing was done in a small beaker, and the insecticide then was trans­
ferred to a 50 ml glass-stoppered graduated cylinder by repeatedly rinsing 
the beaker with acetone. One-half milliliter of Triton X-100, a non-ionic 
surfactant obtained from Rohm and Haas Company, was added with a pipette ; 
and finally acetone was added to a volume of 50 ml. The result was a 1 
percent solution containing 10 mg of insecticide per milliliter of solution. 
A similar solution was mixed with water as the solvent when Dylox was 
used, since Dylox is up to 12 percent soluble in water at 26 degrees C. 
Acetone has been found to be a good solvent for chemicals used in 
bioassays involving fish because of its low toxicity (Henderson and 
Pickering, 1958). Pickering, et al. (1962) state that acetone may, how­
ever, be undesirable from the standpoint of oxygen reduction. In small-
scale tests by the author, insects survived for over 48 hours in concen­
trations of acetone exceeding ten times the concentrations used in actual 
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experiments. The stock solutions were stored at about 35 degrees C. 
From the 1 percent stock solutions, various dilutions with distilled 
water were prepared in stoppered graduated cylinders as they were needed 
for the preparation of different parts per million (milligrams.of active 
ingredient per liter of solution) concentrations. To avoid errors in 
mixing, directions for the preparation of three basic dilutions and for 
quantities of the dilutions needed to achieve various parts per million 
concentrations were prepared in advance and were followed throughout all 
the experiments. Toxicants were always transferred from one container 
to another with graduated pipettes operated by a rubber bulb pipettor. 
New 1 percent stock solutions were prepared at least every 2 weeks. 
Dilutions were mixed just before use or were kept under refrigeration 
until the following day. All solutions and suspensions were mixed 
thoroughly by shaking before use. 
Experience indicated that the acetone solutions changed volume mark­
edly with changes in temperature. Since acetone evaporates much more 
readily than water, the volume in the stoppered graduated cylinders was 
recorded after each experiment. After a period of refrigeration, it at 
first appeared that acetone had evaporated to a considerable extent. The 
volume usually did return to nearly that recorded when the solution had 
warmed to room temperature. Caution must be exercised in dealing with 
such solutions since volumes measured with a pipette will be subject to 
much error if some of the solvent has evaporated or the solution is not 
at approximately the same temperature at which it was mixed. 
Test concentrations were prepared in a logarithmic series to aid in 
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interpretation and presentation of the data. When logarithms of such a 
series are plotted on ordinary graph paper, they are spaced at equal 
distances from one another. Mixing of test suspensions was facilitated 
by adding 500 ml of water to the test jars, then adding the desired amount 
of toxicant, and finally adding water to a volume of 1 liter. Long glass 
stirring rods were used to further mix suspensions. Insects were added 
immediately after solutions were mixed. Tests were conducted over a 
period of 24 hours, and the condition of the insects was recorded 
after 2, 4, 8, 12, and 24 hours. Dead insects were removed when they 
were discovered. Experiments were conducted for only 24 hours because 
it was felt that factors other than the toxicity of the chemical would 
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very likely be responsible for mortality in longer experiments, unless 
the assay technique were made considerably more complex. Untreated larvae 
of caddisflies did not demonstrate an ability to survive under test con­
ditions to such an extent that accurate results could be expected after 
48 or 96 hours. Twenty-four-hour TLm values are now available for several 
species of fish held in the insecticides tested by the author (Pickering, 
et al., 1962). As has previously been mentioned, there seems to be little 
difference in mortality of fishes held for 24 or 96 hours in organic 
phosphorus compounds. Pickering, et al. (1962, p. 177) state that : 
"In most of these bioassays there was only a moderate increase in 
fish mortality between the 24- and 96-hour test periods ... The 
greatest differences occurred with OMPA and Dylox, two relatively 
nontoxic materials." 
Malathion was listed by the same authors among those insecticides producing 
only very slight increases in mortality between these time periods. Co-ral 
produced somewhat larger increases. In view of the changes in mortality 
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produced by two of the chemicals considered, it seems advisable to make 
any comparisons of toxic effects on fishes and insects only by comparing 
data collected after equal time periods. It is regrettable that 24-hour 
data reported on toxicity to fish are not very complete and that the 
larvae of Hydropsyche were not better able to survive for extensive 
periods under test conditions. 
Exploratory tests were used to determine the range of concentrations 
which produced mortalities between 0 and 100 percent. In these tests, 
i widely spaced concentrations of chemicals were used, and five insects were 
placed in a single jar at each concentration. After a critical toxicity 
range had been determined, definitive toxicity tests were performed. In 
the latter, ten insects were held at each concentration. Two jars were pre­
pared with each concentration of the chemical, and five insects were placed 
in each jar. Dividing the group of ten into two lots was done primarily 
to facilitate counting and removal of dead insects. Five control (untreated) 
insects were held in each of two jars containing only river water. The 
control jars and insects were treated exactly like those exposed to toxic 
suspensions. Since it was discovered rather early in the course of ex­
perimentation that results could not be precisely duplicated, a decision 
was made to complete three similar experiments with each chemical on 
each insect and to combine the data for a single estimate of LDgg or TLm. 
Variation could be expected in the experimental results because of 
the small number of insects used at each concentration, to natural variation 
in individuals which were not of equal age or raised under identical con­
trolled conditions, to different atmospheric conditions and temperatures 
during different testing periods, and to unknown factors affecting the 
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entire population from which individuals were selected. More reliable 
estimates of U>50 or TLm could be obtained from experiments on 30 insects 
at each concentration than on 10. It would, of course, be desirable to 
use much larger numbers of individuals at each concentration; but use of 
larger numbers was prohibited by the expense and time involved in obtain­
ing insects for these experiments. Three experiments were conducted with 
each insecticide on both Hexagenia and Hydropsyche. In each of the three, 
ten insects were placed in each insecticide concentration and in untreated 
water, and the same concentrations were used. 
Caddisfly larvae to be used in bioassays were collected below Dam 19 
at Keokuk from rocks and logs bearing their cases. A rocky area just below 
the old Lock 19 proved to be a good source of hydropsychids. The larvae 
were dislodged from their cases with forceps immediately after their re­
moval from the river and were placed in river, water in either milk cans 
or in 20-gallon plastic containers secured for this purpose. A square 
portion of aluminum window screen was placed in each of the containers 
to facilitate removal of the larvae upon arrival at the laboratory. Con­
tainers were raised over the wall of old Lock 19, loaded into a station 
wagon, and transported to the university laboratories. A small oxygen 
tank was employed for aeration of the containers during the 5-hour trip 
to the laboratory, until this was found to be unnecessary. Larvae were 
found to survive equally as well in non-aerated as in aerated containers. 
In the laboratory, larvae were removed from the containers and placed 
in 9-gallon aquaria containing constantly aerated river water. Each 
aquarium was provided with its own stirring motor or with sufficient 
aerating devices to provide circulation of the water. Stirring motors 
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similar to that used by Fremling (1959) were used to create a current in 
aquaria. Since many trichopterous larvae collected from fast-flowing 
water are unable to survive in still-water aquaria, Phillipson (1953) 
originally suggested the use of such lotie aquaria in rearing caddisfly 
larvae. Small gravel and sand were placed in the aquaria, and the larvae 
quickly constructed shelters. In aquaria in which the water was well-
circulated, larvae generally built sturdy cases provided with catching nets. 
Bioassays were first attempted with larvae which were removed from 
aquaria with long forceps, but most insects (including untreated controls) 
failed to survive through the 24-hour test period. This was remedied by 
materially reducing the amount of handling to which the larvae were sub­
jected. Every effort was made to be more gentle with them when they were 
collected and transferred to aquaria. Since the critical step seemed, 
however, to be the removal of larvae from the aquaria just prior to 
testing, 3-inch squares of aluminum screen were placed on the floor of 
each aquarium to eliminate some handling of the larvae. Sand and gravel 
were placed over the screens, and the next shipment of larvae to the 
laboratory was added to the aquaria. Since the screens were small enough 
to fit into the wide-mouth test jars, a single screen with attached 
larvae could be removed from an aquarium with forceps and placed directly 
into the test solution. Screens were quickly examined, and all larvae 
in excess of five were removed. Use of the small screens and more gentle 
handling in other phases of the work apparently eliminated the cause of 
excessive mortality, since mortality of the untreated insects in subsequent 
experiments was seldom as high as 10 percent. The screens also provided 
the larvae with a substrate on which they could more easily move about 
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and construct. In many cases, they were also provided with cases they 
had previously built. 
When the insecticide had had its effect, larvae were usually found 
dead on the bottom of the test jars. They seemed first to leave their 
cases, then to hang from the screens by a silken thread, and finally to 
fall to the bottom of the jar to expire. In determining their condition, 
it was usually possible to elicit active movements from living insects by 
tapping the sides of the test jar with a glass stirring rod. If this 
failed, they were usually stimulated to movement when a bright beam of 
white light from a microscope lamp was cast on them. Touching of the 
test organisms except to remove dead insects was avoided. 
Early tests performed on mixtures of the genera Hydropsyche and 
Cheumatopsyche indicated that they were not equally affected by the same 
critical toxicant concentration. Original plans were made to evaluate 
the effects of insecticides on both genera, but time was not available 
for tests on any caddisfly other than Hydropsyche. In order to assure 
that only Hydropsyche was being exposed to the experimental solutions, 
attempts were made to segregate the genera when they were collected and 
placed into holding aquaria. Just prior to testing, screens to which the 
larvae were attached were briefly held under a binocular microscope while 
the heads of the larvae were examined. The two genera were easily dis­
tinguished by differences in the pigmentation of their head capsules 
(Ross, 1944). After each experiment, all living and dead caddisflies 
were examined to discover any errors in the previous identifications. 
After each bioassay was completed, the test jars were drained and 
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rinsed several times with hot tap water. They were then filled with tap 
water. After a day or two, they were drained, rinsed with acetone, 
washed with detergent, rinsed with tap and distilled water, and air dried. 
Pipettes, beakers, graduated cylinders, stirring rods, and other glass­
ware which were in contact with toxicants were similarly treated. Anti­
dotal atropine tablets, gas masks, and rubber gloves were kept on hand in 
case of accidental spillage of insecticides. All insecticides were stored 
in a dark room at room temperature. 
41 
POPULATION ESTIMATES OF HEXAGENIA NAIADS IN POOL 19 
The results of the collection of Hexagenia naiads at the transects 
in upper, middle, and lower Pool 19 indicate significant fluctuations 
in the abundance of naiads throughout the pool from year to year. The 
numbers of naiads collected per square foot at various sections of the 
three transects on each of the sampling dates in I960 and 1961 are pre­
sented in Tables 5, 6, and 7. These data are directly comparable with 
those collected by the author in 1959 (Carlson, 1960) because of identi­
cal methods of collection and analysis. 
In 1959, over 3.5 billion naiads were present in the pool before 
the major emergences of July (Table 8). The estimated population dropped 
to near 700 million in mid-July. A slight increase in population was 
noted in late July and August and was probably due to increased collect­
ion of small naiads which had reached sufficient size to be retained by 
the screen in the pail used in sampling. It now appears that 1959 was 
a "poor year" for mayflies as was suggested by several lockmasters along 
the Upper Mississippi and observers at Keokuk (Carlson, 1960). Comparison 
of data for the years 1959, 1960, and 1961, indicates that populations 
at all transects before the July emergences were exceptionally low in 
1959. Pre-emergence population estimates in 1961, another "low" year, 
were nearly double those calculated for 1959 at each transect. 
In I960, the naiad population in Pool 19 was estimated at nearly 
19 billion before the emergences of July. It then dropped to 8.6 billion 
in late July and to nearly 3 billion in mid-August. In 1961, nearly 7 
billion naiads were found to be present before the emergences of July, 
Table 5. Numbers of naiads per sq. ft., section totals, and total numbers of naiads in a 1-foot 
strip across the river at Transect I, Burlington, Iowa. 
Section I Section II Section III Section IV Total 
Av, no. No. Av. no. No. Av. no. No. Av. no. No. Unsampled in 
per per per per per per per per productive 1-f oot 
Date sq. ft. sec. sq. ft. sec. sq. ft. sec. sq. ft. sec. area strip 
6/24/60 6.75 1350 38.25 6120 8.00 400 1.00 50 50 7970 
7/27/60 1.00 200 4.25 680 0 0 35.00 1750 1750 4380 
8/18/60 3.00 600 9.75 1560 1.00 50 21.00 1050 1050 4310 
5/30/61 37.50 7500 7.50 1200 13.00 650 26.00 1300 1300 11,950 
7/14/61 13.50 2700 7.00 1120 0 0 5.00 250 250 4320 
9/1/61 1.00 200 4.25 680 1.00 • 50 3.00 150 150 1230 
Table 6. Numbers of naiads per sq. ft., section totals, and total numbers of naiads in a 1-foot 
strip across the river at Transect II, Nauvoo, Illinois. 
Section^ Section II Section III Section IV Total 
Av. no.- No. Av. no. No. Av. no. No. Av. no. No. Unsampled in 
per per per per per per per per productive 1-foot 
Date sq. ft. sec. sq. ft. sec. sq. ft. sec. sq. ft. sec. area strip 
6/10/60 80.33 16,869 45.13 36,104 49.00 9800 88.00 8800 52,335 123,908 
7/22/60 48.00 10,080 17.50 14,000 12.00 2400 13.00 1300 23,250 51,030 
8/12/60 7.00 1,470 6.38 5,104 8.00 1600 6.50 650 6,414 15,230 
6/2/61 18.67 3,921 8.13 6,504 27.00 ~ 5400 90.00 9000 16,140 40,965 
7/13/61 0.33 69 1.63 1,304 15.00 3000 11.00 1100 5,088 10,561 
8/30/61 3.67 771 0.75 600 9.00 1800 64.50 6450 4,026 13,647 
Table 7. Numbers of naiads per sq. ft. and totals for sampled area, unsampled areas, and a 
1-foot strip across the river at Transect IV, Keokuk, Iowa. 
Date 
Av. no. 
per sq. ft. 
Total no. in 
2265 ft. 
Total in 
unsampled area 
Total in 
1-foot strip 
6/9/60 
7/15/60 
8/11/60 
60.13 
38.50 
9.38 
136,194 
87,203 
21,248 
54,117 
34,650 
8,442 
190,311 
121,853 
29,690 
5/31/61 
7/15/61 
8/29/61 
12.31 
0.38 
0 
27,882 
861 
0 
11,079 
342 
0 
38,961 
1,203 
0 S 
Table 8. Estimates of numbers of Hexagenia naiads (in millions) in Pool 19, Upper Mississippi 
River. 
Date Keokuk type 
Number per mile 
Nauvoo type Burlington type 
Estimated total 
No. of naiads in 
main channel of 
Pool 19 
June, 1959a 75 132 24 3, 626 
July, 1959% 19 24 10 800 
August, 1959a 1 41 12 1, 153 
June, 1960 1005 654 42 18, 746 
July, 1960 643 269 23 8, 628 
August, 1960 157 80 23 2, 770 
June, 1961 206 216 63 6, 733 
July, 1961 6 56 23 1, 713 
August, 1961 0 72 6 1, 704 
aFrom Carlson (1960, p. 49), with the two June sampling periods and the three sampling 
periods in July and in August averaged. 
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and the population then dropped to about 1.7 billion and remained there 
through the collection period in late August and early September. Data 
collected at the 16 sampling areas along the mud flats near Keokuk 
(Appendix) bear out the fact that Hegagenia populations were much lower 
in 1961 than in 1960. No naiads were collected at the Keokuk transect 
in August of 1961, and few were taken in July of the same year. It was 
observed that this severe decline in Hexagenia populations seemed to occur 
throughout Lake Keokuk. Very few naiads were collected in August, 1961, 
at the 16 sampling areas. No naiads were collected at areas A, AA, B, C, 
(DC, E, F, G, GG, and HH in August. A single naiad per square foot was 
present at areas BB, D, EE, FF, and H. At area DD, two naiads per square 
foot were present in August of 1961. This represents a remarkable decline 
in the Hexagenia population at all sampling areas as well as at Transect 
IV when compared with 1960 populations. 
In spite of the generally greater abundance of naiads in 1960, it 
may be noted that populations in upper Pool 19 were lower in i960 than in 
1961, This is believed to be due to severe flooding in the.spring of 
i960 which destroyed much naiad habitat. Bottom sediments at several 
stations at Transect I were notably more sandy than they had been in 
1959 and could not be expected to support such large mayfly populations. 
It is also possible that naiads themselves were washed downstream by 
flood currents and bolstered populations in middle and lower Pool 19. 
Denham (1938) reports that Hexagenia were washed from their burrows at 
abrupt rises in stream water levels and, to a lesser degree, at other 
times. 
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Physical data which might help to explain the differences in the 
naiad populations during the three years under consideration are not at 
hand, but several observations have led the author to speculation. A 
great number of Tendipes plumosus larvae were collected above the.dam 
in 1961, while only very few were taken in 1960. Mundie (1957) states 
that T, plumosus is the chironomid which is most tolerant to anaerobic 
conditions. Richardson (1928) included T. plumosus among organisms which 
occurred most commonly in pollution zones of the Illinois River. He con­
sidered nymphs of Hexagenia bilineata. however, to be members of a group 
of very sensitive cleaner-water species. The decline in Hexagenia in 
1961 may have been due to an oxygen depletion at some time during the 
period of their development. Since some naiads were collected in 1961, 
there was no indication that conditions were such that their survival 
was impossible during the sampling periods. Tendipes may have been better 
able to survive the crisis which reduced the mayfly population and may 
have thrived in habitat vacated by Hexagenia. 
Over the brief period during which Hexagenia populations have been 
studied there has been an indication that naiad populations tend to 
fluctuate and that higher populations occur every other year. The 
transects in Pool 19 were sampled by Mr. T. L. Wenke, who is conducting 
a companion study on fishes of the Keokuk area, in 1962 and 1963. He has 
suggested that mayfly populations appeared to be lower, particularly in 
lower Pool 19, in 1963 than in 1962. It is possible that Ellis (1931) 
concluded that Hexagenia was scarce in Lake Keokuk because his sampling 
(in July, 1930) was conducted during a "low" mayfly year. If 1930 were 
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a "low" year, however, this would imply that mayflies have not always 
been less abundant in odd-numbered years as has been the case in recent 
years. 
49 
BOTTOM FAUNA OF THE MUD FIATS ABOVE DAM 19 
The mud flat? above the Keokuk Dam constitute a fairly homogenous, 
widespread habitat. Collections were taken from the flats along the 
Illinois shore of the river during 1960 and 1961 at the eight locations 
established in 1960. The bottom sediments in the area studied were rich 
in organic matter and were covered by about 4 to 8 feet of water. Very 
little current existed at nearly all sampling locations. 
Qualitative Analysis 
Only four phyla (Platyhelminthes, Annelida, Arthropoda, and Mollusca) 
were represented in the collections made by the author (Table 9). Other 
macroscopic metazoans were undoubtedly present but were not retained by 
the screened pails which were used to wash dredge contents. The follow­
ing is a listing of the organisms collected at the 16 sampling areas 
above the dam with comments on their probable roles in the ecology of 
the area studied. 
Turbellaria 
A single planarian which was identified as a member of the family 
Planariidae was collected at area F in August, 1960. 
Oligochaeta 
Tubificid worms were collected and were relatively abundant at all 
sampling locations. No effort was made to identify oligochaetes for 
the quantitative analysis of the data, but samples of worms which had 
been collected were sent to Dr. R. 0. Brinkhurst. Only two species were 
represented in these samples. Limnodrilus hoffmeisteri. a species which 
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Table 9. A listing of the various invertebrates collected at sampling 
areas along the Illinois shore above Dam 19. 
Vlat yhe lminthes 
Turbellaria 
Planariidae 
Annelida 
Oligochaeta 
Tubificidae 
Branchiura sowerbyi Beddard 
Limnodrilus hoffmeisteri Claparede 
Unidentified species 
Hirudinea 
Glossiphoniidae 
Helobdella stagnalis (Linne) 
H. nepheloidea (Gra?) 
Glossiphonia complanata (Linne) 
Placobdella montifera Moore 
Erpobdellidae 
JBrpobdella punctata (Leidy) 
Unidentified species 
Arthropoda 
Insecta 
Plecoptera 
Perlodidae 
Ephemeroptera 
Ephemeridae 
Hexagenia spp, 
Pentagenia vittigera (Walsh) 
Caenidae 
Caenis sp. 
Baetidae 
" Isonychia sp. 
Odon&ta 
Gomphidae 
Gomphus sp. 
Coenagrionidae 
Ischnura sp. 
Hemiptera 
Corixidae 
Megaloptera 
Sialidae 
Sialis sp. 
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Table 9. (Continued) 
Trichoptera 
Leptoceridae 
Oecetis sp. b of Ross, 1944 
Hydropsychidae 
Potamyia f lava (liage n) 
Cheumatopsyche campyla Ross 
Psychomyiidae 
Neureclipsis sp. 
Coleoptera 
Elmidae 
Stenelmis sp. 
Diptera 
Chironomidae 
Pelopiinae 
Coelotanypus sp. 
Pentaneura sp. 
Procladius sp. 
Pelopia sp. 
Chironominae 
Tendipes plumosus (Linne) 
Cryptochironomus sp. 
C. digitatus (Malloch) 
Stenochironomus sp. 
Polypedilum sp. 
Microtendipes sp. 
Tanytarsus sp. 
Unidentified species 
Culicidae 
Chaoborus sp. 
Ceratopogonidae 
Palpomyia sp. 
Tabanidae 
Chrysops sp. 
Crustacea 
Amphipoda 
Hyalella azteca (Saussure) 
Isopoda 
Asellus brevicaudus Forbes 
Mollusca 
Gastropoda 
Viviparidae 
Campeloma sp. (probably C. decisum young) 
C. decisum Say 
Ljoplax subcarinata Say 
Viviparus intertextus Say 
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Table 9. (Continued) 
Amnioolidae 
Somatogyrus depressus Tryon 
S. subglobosus Say (Birgelia of Baker, 1928a) 
Amnioola binneyana Hannibal 
Physidae 
Physa sp. 
Pleuroceridae 
Pleurocera sp. 
Pelecypoda 
Sphaeriidae 
Sphaerium transversum (Say) 
S. striatinum (Lamarck) 
Unionidae 
Quadrula sp. 
âe W^drula Rafinesque 
Actinonaias sp. 
Anodonta sp. 
A, imbecillis Say (Utterbackia of Baker, 1928b) 
Lampsilis sp. 
Amblema sp. 
Lasmigona sp. 
Leptodea sp. 
Truncilla sp. 
is common all over the world, and Branchiura sowerbyi were identified. The 
latter, according to Dr. Brinkhurst (personal communication) is one of 
the few oligochaetes which fragments in alcohol. Abundance of Branchiura 
probably accounts for the difficulties encountered with fragmentation in 
this study. The ecological niche of aquatic oligochaetes is defined by 
Pennak (1953) as much like that of terrestrial species. They commonly 
ingest bottom mud, deriving their nutritional needs from detritus deposi­
ted on the bottom of bodies of water. 
Hirudinea 
Hie Hirudinea collected in this study were identified by the author 
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using existing keys. Individuals of the genus Helobdella were the most 
abundant leeches collected and seemed to be ubiquitous in the study area. 
H. stagnalis and H. nepheloidea were represented. The former was partic­
ularly abundant at areas C and CC, where the water was slightly deeper 
than at other stations, and a moderate current was encountered. Helobdella 
were frequently collected with their young attached to their ventral 
surfaces and were found to roll up when disturbed. Glossiphonia complanata 
was collected at areas C, E, EE, F, and G in 1960, but none were collected 
in 1961. Placobdella montifera. which is easily identified by a neck­
like constriction behind the expanded anterior segments, was collected 
once at area D in June of 1961, and at area B in July of 1961. 
Miller (1929) states that the family Glossiphoniidae, which includes 
all of the preceding species of leeches, are poor swimmers but active 
creepers. The species encountered in Pool 19 are reported by Miller to 
feed primarily upon fish, snails, aquatic annelids, insect larvae, 
mammals, and frogs. Their dependence upon mollusks for food is well 
illustrated by Paloumpis and Starrett (1960). Boisen-Bennike (1943) 
reports that H. stagnalis feed on snails, chironomid larvae and also 
on Asellus. Helobdella stagnalis and H. nepheloidea are also reported 
to be scavengers (Miller, 1929). 
Erpobdella punctata of the family Erpobdellidae was represented in 
bottom fauna collections from every sampling area except area BB. Indi­
viduals of this species were found to vary considerably in size during 
all collection periods. They are active swimmers and feed primarily on 
aquatic annelids, snails, and insects (Miller, 1929). 
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Other leeches were collected only very rarely and were not identi­
fied for this study. Many of the Hirudinea reported as unidentified were 
specimens which were damaged in collection, 
Tebo (1955) cites several authors who have concluded that leeches 
are seldom eaten by fishes. 
Insecta 
The class Insecta was represented by eight orders in collections 
from above the dam. The only member. of the Plecoptera to be recovered 
was a single small naiad from area EE which could be identified by the 
author only to family Perlodidae. Stonefly nymphs were found to be much 
more abundant below the Keokuk Dam. 
The Ephemeroptera collected included Hexagenia. one of the most abun­
dant components of the bottom fauna. Lack of good criteria for the separ­
ation of small naiads has again prevented the author from differentiating 
naiads of Hexagenia bilineata and H. limbata. Adults of both species were, 
as usual, frequently collected in the Keokuk area. On July 18, I960, water 
33 feet deep was drained from a standing basin at Lock 19, while a bulk­
head was repaired. Silt had been deposited to a depth of about two inches 
at the bottom of the basin, and Hexagenia naiads were present in the silt. 
In previous work at Keokuk, naiads had not been encountered below a depth 
of 20 feet, primarily because bottom sediments below such depths are gen­
erally not suitable habitat for burrowing mayflies. 
The biology and distribution of Hexagenia above Dam 19 is reported 
in Fremling's works (1959 and 1960a) and the author's M.S. thesis (Carlson, 
1960). Naiads of Hexagenia feed primarily upon mud, and they gain what 
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nourishment they can from algae and detritus (and perhaps bacteria) 
therein (Fremling, 1960a; Hunt, 1953; Neave, 1932). They are also im­
portant in the diet of many fishes in the Keokuk area (Hoopes, 1960). 
Pentagenia vittigera. another burrowing species which can be ex­
pected to have habits much like those of Hexagenia. was encountered 
only once in June of 1960 at area B. Caenis sp. was encountered at 
areas A, C, and H, but was collected only in 1961. Needham, Traver, and 
Hsu (1935) consider Caenis to be one of the mayflies whose nymphs sprawl 
on the bottoms of quiet waters. Their food, like that of most mayfly 
naiads, is composed primarily of tissues of higher plants and algae 
(Imms, 1960). A single nymph of the genus I s onychia was collected at 
area B in June of 1960. Nymphs of this genus are streamlined forms which 
swim vigorously, can usually be found in fast-flowing water, and feed 
primarily on detritus and algae (Burks, 1953). Morgan (1913) states 
that they are at least partly predaceous. Isonychia naiads were found 
to be much more common below the Keokuk Dam and are not likely to be true 
residents of habitat like that at the sampling areas above the dam. 
Although no nymphs were encountered in the bottom collections, 
adults of Tortopus primus (McDunnough) were very numerous around lights 
at Keokuk on August 8 through 11, 1960. No record has previously been 
made of these insects at Keokuk, although they have been reported from 
Quincy and other Illinois cities (Burks, 1953). Thew (1956) reports that 
T. primus was first reported from Iowa in 1954 at Buffalo. Burks (1953) 
states that nymphs of this species have not been found in Illinois, but 
that they are presumed to be burrowing forms similar to Campsurus. 
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The Odonata collected above the Keokuk Dam included individuals 
of the genera Gomphus and Ischnura. Gomphus was infrequently collect­
ed at several areas, and Ischnura was taken only once at area AA in June 
of 1961. Gomphus. like most of the other Gomphidae, is a burrowing 
dragonfly which is likely to be found in very shallow burrows in streams 
(Needham and Westfall, 1955). It is among a group of Anisoptera which 
are believed to rely upon a complex of chemoreceptors for detection of 
prey at close quarters (Corbet, 1962). Corbet concludes that (p. 64): 
"Since dragonfly larvae are facultative feeders on whatever is 
palatable, most readily available, and of suitable size, their 
diet will be a reflection of their habitat," 
In Pool 19, Gomphus probably prey upon oligochaetes, small mollusks, and 
small insect larvae. Naiads of Ischnura commonly occur among plants of 
quiet waters of lakes, ponds, swamps, and streams (Smith and Pritchard, 
1956). Like other Odonata nymphs, they are carnivorous. Baker (1918) 
lists the Odonata among carnivorous invertebrates which are especially 
important as food for fishes. 
A single adult corixid was collected at area AA in August of 1961. 
These are not true benthic forms but do spend much time on the bottom 
(Pennak, 1953). Hie specimen collected in 1961 was identified only to 
family and was the only hemipteran taken during the study. 
Hie Megaloptera were represented by larvae of Sialis which were 
collected rather infrequently at areas H, HH, GG, EE, and C. Sialis was, 
however, known to be more abundant at certain areas nearer shore than at 
the sampling areas. According to Ross (1937), it is usually found along 
margins of lakes and ponds but may be encountered in all types of fresh­
water situations in which aeration is adequate. Davis (1903) states 
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that the larvae of Sialis infumata are carnivorous, and that they readily 
eat caddisfly larvae, Chauliodes larvae, and even one another. Davis 
considers Corydalis as their worst enemies. 
The Trichoptera encountered above Dam 19 were all infrequently col­
lected except for the large number of Oecetis (sp. b of Ross, 1944) larvae 
and pupae which were collected at all locations in July of 1961. A few 
Oecetis were collected in August, 1961, but none were taken in 1960 or in 
June of 1961. Because it seems unlikely that larvae and pupae were sud­
denly introduced into the area after the sampling of June, 1961, the 
author believes Oecetis were somehow erroneously overlooked during previous 
sampling periods. Larvae and pupae were always enclosed within cylindrical 
portable cases which can easily be mistaken for small bits of hollow 
plant stems. It is unlikely that Oecetis occurred in i960 in numbers 
approaching those encountered in 1961 and went unnoticed throughout the 
summer. Ross (1944) states that: 
"In this genus foecetisj we have possibly the most widely distributed 
caddis flies of North America and species which become abundant in 
very diverse situations." 
Ross also states that the larvae of Oecetis are primarily predaceous, 
and that their long, narrow mandibles are an adaptation for grasping prey 
such as midge larvae. Potamyia flava, which was found most commonly in 
rock and sand areas of the main channel of the river by Fremling (1960b), 
was collected once at areas F, DO, CC, and C during 1960. Cheumatopsyche 
campyla. another hydropsychid which was very abundant in areas of moder­
ate current below the dam, was collected only once above the dam (at area 
H in July, 1960). Both of the latter species are spinners of loose nets 
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and occur in large numbers in areas of moderate current near Keokuk. 
Hvdropsyche orris. which is very abundant in the tailwaters of Dam 19, 
was not present in samples taken above the dam. A single larva off 
Neureclipsjs was collected above the dam at area F in June of 1960. 
Larvae of this genus were also found in abundance below the Keokuk Dam 
amidst their large, loose nets. Potamyia. Cheumatopsyche. and 
Neureclipsjs were abundant below the Keokuk Dam but were probably in­
cidentally collected above the dam. Ross (1944, p. 4) states that: 
"Most caddis fly larvae are practically omnivorous.... The order 
Trichoptera as a whole...may be characterized as one in which the 
minute aquatic life is assimilated and converted to units of larger 
size which are in turn usable by a variety of larger organisms." 
The only beetles were Stenelmis adults which were taken at all areas 
above area C except area E and were collected in both years. Pennalc 
(1953) states that Stenelmis is the only large genus of elmids in this 
country, and that it is largely ..restricted to the East and Middle West. 
According to Leech and Chandler (1956), the food of larvae and adults 
of all elmids is made up primarily of algae, moss, and other plant mate­
rial in the water. 
Larvae of 13 genera of the order Diptcra were identified from samples 
collected above the dam. A few, most of which were damaged specimens or 
pupae, could not be identified and were listed simply as unidentified 
chironomids. Determinations of most Chironomidae (=Tendipedidae) which 
were made by the author were verified by Dr. LaVerne L. Curry. 
Individuals of the genus Coelotanypus were generally the most abun­
dant chironomids collected in 1960. Stenochironomus and Cryptochiron-
omus usually ranked second and third in abundance among chironomids 
collected in 1960. Coelotanypus and Stenochironomus were collected at 
all sampling areas, and Cryptochironomus was taken at all areas except 
area OC. In most cases, the same order of dominance was maintained in 
1961. Notable exceptions to the latter statement occurred at areas A, 
AA, C, and OC. At these areas, Tendipes plumosus was collected in vastly 
greater numbers than any other insect in 1961. It also became the dominant 
chironomid at areas B and BB in 1961 but was rarely collected at any area 
in i960. Pentaneura was frequently collected at all sampling areas, and 
Polypedilum was collected at all areas except area BE. The genus 
Procladius was taken at all sampling areas except areas FF and G. 
Pelopia was collected at five of the 16 sampling areas (A, AA, CC, D, 
and E) and was only collected during August of 1961. Tanytarsus was 
collected at areas AA, F, G, and H, and was relatively rare in collec­
tions. A single larva of Microtendipes was taken at area D in July, 1960. 
Members of genera of the subfamily Pelopiinae (= Tanypodinae) were 
the most abundant of the chironomids collected at all areas in 1960 and 
at the majority of the areas in 1961. According to Wirth and Stone 
(1956; p. 412): 
"The larvae of the Pelopiinae are predaceous, feeding largely on 
other tendipedid larvae and often found in the cases built by 
their prey, although they build none themselves." 
Hauber (1945) confirms this and states that the constant activity of 
these larvae apparently is a never-ending search for food. Procladius 
culiciformis has been observed by Darby (1962) and Miller (1941). Both 
found the larvae of this species to be active predators which roamed 
freely about. Darby (1962) has reviewed the literature on their occurrence 
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and, based on this and his own observations, concludes that they may be 
found under widely divergent conditions. Aspects of the life cycles of 
Coelotanypus concinnus. Pelopia. and Procladius which were collected in 
shallow flood plain lakes near Quincy, Illinois, are discussed by Dorris 
(1956). Leathers (1922, p. 41) noted the following while observing the 
feeding activity of Pentaneura carnea (which he called Tanypus carneus): 
"A specimen that had been without food for four or five days was 
placed in a watch glass with a very active bloodworm (Chironomus 
sp. ?) which was about the same size as the Tanypus larva. The 
Tanypus larva attacked the bloodworm just back of the head, em­
ploying its sharp mandibles to hold the larva. Very soon a 
reddish color could be observed in t'.d head of the attacking 
larva, showing that it was beginning to suck the blood of the 
other. Then the alimentary canal was cut off, probably by the 
mandibles, and with its contents (diatoms, etc.) sucked into 
the body of the Tanypus. .... The body wall was drawn into the 
mouth while the hypopharynx rasped a hole through it, then the 
continued squeezing and sucking action of the head removed the 
muscles of the body wall." 
In the sampling area, the Pelopiinae probably also feed upon organisms 
other than chironomids, since it seems unlikely that they would con­
sistently outnumber their prey. 
Hie subfamily Chironominae (= Tendipedinae) was represented in the 
collections only by members of the tribe Ghironomini. Walshe (1951, p. 64) 
states that : 
"All the known Tendipedinae live inside some sort of tube or case 
which is consolidated and lined with the silky substance of their 
salivary secretion. The protective home which they thus build 
varies very much in appearance in the different genera." 
Respiratory movements of the larva circulate water through the tubes. The 
types of tubes which may be constructed and corresponding modes of life 
are divided into four categories by Walshe (1951). 
61 
The tribe Chironomini (= Tendipedini) was represented by Tendipes. 
Cryptochironomus. Stenochironomus. Polypedilum. Microtendipes. and 
Tanytarsus. Tendipes plumosus is a mud-dweller which is generally con­
sidered the tendipedid which is most tolerant to anaerobic conditions 
(Mundie, 1957). It is the largest of chironomids and has been the sub­
ject of much study in both Europe and North America (Darby, 1962). Its 
feeding and tube-building habits are described by Walshe (1951, p. 65), 
who states that : 
"The larva spins a sheet of salivary secretion across the lumen 
of its tube, after which, with antero-posterior undulations of 
the body, it irrigates the tube, with the result that phyto-
plankton and other particles in the incoming water are caught 
by the net. The animal then eats both net and entangled organic 
matter, after which it spins another net. The whole process 
occupies only about two minutes but may be repeated continu­
ously for several hours." 
The remarkable success of T. plumosus at the six sampling areas nearest 
I 
Dam 19 in 1961 may have been due to a local decrease in the dissolved 
oxygen supply in the waters of that area during the period of their 
development. Data on dissolved oxygen concentrations during that period 
are not available, however. Of the larvae of Polypedilum. Wirth and 
Stone (1956; p. 421) state: 
"The habits of this large and widespread genus are diverse ; of 
particular interest are the species which mine the leaves and 
stems of aquatic plants," 
Walshe (1951) observed some Polypedilum larvae which stretched from mud 
tubes attached to Ceratophyllum to feed upon mud near their tubes. Ac­
cording to Wirth and Stone (p. 422), the genus Cryptochironomus is un­
usual in that : 
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"The larvae of most of the species of this genus are predaceous, 
feeding on oligochaetes and midge larvae, and differ strikingly 
from those of other Tendipedinae." 
Walshe (1951) observed feeding habits of Microtendipes pedullus and 
found that they stretched from their tubes of sandy mud and detritus 
to feed on mud nearby. She found their gut contents consisted of 
unidentifiable detritus and plant fragments. 
Darby (1962), Hauber (1944), and Walshe (1951) have described the 
various types of tubes or cases which are produced by various species 
of Tanytarsus. They may produce tubes of three of the four types de­
fined by Walshe. Darby (1962) found that the food of T. viridiventris 
consisted primarily of diatoms but also included desraids and other 
algae. 
It is well known that chironomids are an important source of food 
for fishes (Johannsen, 1934). Walshe (1951, p. 63) states that: 
"They frequently occur in enormous numbers and form an important 
item in the diet of fish and other predatory animals. With the 
exception of the Tanypodinae, they are microphagous in their 
feeding habits and thus form a significant intermediate stage in 
the economy of freshwater communities." 
Ellis (1931) found Chaoborus (= Corethra) larvae abundant in Lake 
Keokuk in his 1930 survey. They have also been taken in shallow flood 
plain lakes near Quincy, Illinois (Dorris, 1956), where they constitute 
an important part of the bottom fauna. Faloumpis and Starrett (I960) 
found them abundant in one of three Illinois River flood plain lakes 
near Havana, Illinois, Only two specimens were taken in sampling above 
Dam 19, A single individual was collected at area OC in August, I960, 
and another was taken at area FF in August, 1961. The larvae of Chaoborus 
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are predaceous and capture their prey (mainly small insect larvae and 
Crustacea) with their specially adapted antennae (Johannsen, 1934). 
Juday (1921) and Wood (1956) found that young larvae of Chaoborus in­
habited the lower water of Mendota and Little McCauley Lakes during the 
first 7 to 14 days of their lives. Later they were found in bottom mud 
during the day. Juday found that the larvae preferred deep water and 
believed that their habits of dwelling in mud and in the hypolimnion of 
lakes where dissolved oxygen is very low were excellent protection from 
predaceous fishes. , 
The family Ceratopogonidae was represented in collections from above 
the Keokuk Dam by Palpomyia. Larvae of Palpomyia were collected infre­
quently at seven of the sixteen sampling areas (M, B, CC, EE, GG, H, 
and HH). The larvae of this genus are snake-like and without prolegs. 
Carnivorous habits are associated with larvae having long narrow heads 
like those found in Palpomyia (Thomsen, 1937). Wirth and Stone (1956; 
p. 436) state that: 
"In general, the larvae are aquatic and most often occur in 
blanket algae or in the mucky or sandy margins or bottoms of 
lakes, ponds, and streams." 
Hie only other dipteran collected was Chrysops sp., one of the three 
genera of Tabanidae with aquatic larvae found in the United States (Pennak, 
1953). Larvae of Chrysops were collected infrequently at areas C, H, and 
HH. Although Marchand (1920) believed that all tabanid larvae were highly 
predaceous, it is now known that Chrysops generally is not. Johannsen 
(1935, p. 13) states that: 
"The larvae of most members of the genus Chrysops are known to be 
saprophagous, feeding on organic matter contained in the soil. 
They are to be found in the muddy margins of swamps and ponds." 
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Crustacea 
Two species of macrocrustaceans were recovered in dredge samples 
taken from Pool 19. Asellus brevicaudus was collected at areas A, CC, 
DD, E, F, GG, and HH only during the summer of 1960. Hyalella azteca 
was taken at areas A, AA, E, and HH and only in 1961. Several crayfish 
which have been identified as Orconectes virilis (Hagen) were taken in 
fish traps near the study areas in 1960. They were, however, never 
collected in bottom samples. 
Ellis (1961) found that Asellus intermedius was more likely to be 
abundant in areas of vegetation. Least productive bottom types were sand, 
clay, and silt, and their distribution was found to be positively corre­
lated with the concentration of domestic sewage in the water. According 
to Pennak (1953), aquatic isopods are scavengers which have been found 
to eat dead and injured aquatic animals as well as green and decaying 
vegetation. Ellis (1961, p. 83) states that : 
"The Asellus maintained in the laboratory were supplied with 
filamentous algae (Pithophora) and dried elm and poplar leaves. 
They were observed to scrape the "aufwuchs" from the filamentous 
algae and would eat all of a poplar or elm leaf except the larger 
veins. The Asellus occasionally ate their dead kin but were never 
seen to be cannibalistic. Young animals (through the ninth instar) 
commonly ate their exuviae ; however, this act was only occasionally 
observed in the older animals." 
Geisler (1944) states that Hyalella azteca is widespread in both 
North and South America and has been cited in the literature more often 
by the synonyms H. knickerbockeri and H. dentata, Johnson (1960) has 
reviewed the biology of H. azteca. and he states that (p. 4): 
"The diet of these animals is extremely varied. They are omnivorous, 
grazers, and scavengers. Leaves of all fresh water plants are 
eaten, with the exception of Potamogeton. All types of algae are 
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used as graze. Scuds attack injured isopods and other wounded 
animals of comparable size. Freshly killed animals also are 
utilized for food. Cannibalism is quite common, especially under 
laboratory conditions when cover is scant. No variation in the 
food habits has been noted from the hatching young to the adult. 
Availability appears to be the controlling factor." 
Johnson further states that scuds are eaten by several species of fishes, 
and that their chief arthropod predators include naiads of Anisoptera and 
Zygoptera. 
Orconectes probably is a scavenger in the Keokuk area. Pennak (1953) 
states that crayfish generally are omnivorous, seldom predaceous, and 
most frequently eaten by fishes. Baker (1918) found that the Malacostraca 
of Oneida Lake formed a large part of the food of several fishes. 
Pelecypoda 
Several mussels were collected infrequently from the mud flats above 
the dam and were identified by the author to the generic level with exist­
ing keys. Gastropoda and Sphaeriidae which made up a significant per­
centage of every bottom collection were identified by Dr. Henry van der 
Schalie and Mr. William H. Heard. Mollusca were generally the most 
abundant group in the collections. Their dominance was due to the great 
numbers of Sphaerium transversum which were found at all areas above the 
dam on nearly every sampling date. Sphaerium striatinum was collected 
infrequently at all sampling areas except A, AA, DD, and E. 
Several larger pelecypods were taken infrequently at the collecting 
areas above the dam. Quadrula quadrula was collected at areas CC, D, and 
GG. Other unidentified specimens of Quadrula were taken at areas BB, C, 
E, and GG. Actinonajas was collected at areas C and CC. Anodonta sp. was 
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collected at areas AA and H, and A. imbecillis (Utterbackia of Baker) 
was collected only once at area GG in August, 1960. A species of 
Lampsilis was collected at area C once in June of 1961 and again in 
July of 1961. All other genera were taken only once. Amblema was col­
lected at area CC in July of 1960. Lasmigona was taken at area DD in 
July, 1961. Leptodea was collected at area D in June of 1961, and 
Truncilla was collected once at area GG in June of 1960. It is apparent 
from the data presented here that the upstream collection areas (above 
B) generally had a more diversified moHusk population. Areas C and CC, 
at which a moderate current existed, had the most diversified population 
of any single location. Henry and Annette van der Schalie (1950) have 
published data regarding mussels which were collected by Ellis in 1931. 
The mussels reported from Ellis* Zone IX of the river (Keokuk, Iowa, 
backwater area) include all of the genera collected by the present 
author in 1960 and 1961. 
The habitat preferences and distribution of the genera of pelecypods 
and gastropods collected in 1960 and 1961 are described briefly by 
Baker (1918, 1928a, and 1928b). Hie families Sphaeriidae and Uniotiidae 
were described as detritus-eaters by Baker (1918). This designation 
implies that they live primarily on decaying animal and vegetable matter 
held in suspension in the water or deposited on the bottom, while 
plankton and carrion make up a less significant portion of their total 
food. Richardson (1921b), however, classed Sphaerium striatinum and 
young unionids among a group of plankton feeders, since only traces of 
detritus were found in their stomachs. 
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Gastropoda 
Four gastropods were collected at every collection area above Dam 19. 
They were, in most common order of abundance, Campe loma. Li op lax 
subcarinata. Somatogyrus depressus. and Viviparus intertextus. Dr. van der 
Schalie identified some very small snails as Campeloma sp., but indicated 
that they were probably the young of C. decisum. Since the only adult 
Campeloma which were recovered were C. decisum. in all probability the 
Campe loma mentioned above were all C. decisum* Ihe Campe loma which 
were collected were of several different size groups, the largest of 
which included the largest snails which were encountered. Somatogyrus 
subglobosus (Birgella of Baker) was collected infrequently at all sampl­
ing areas except area F. Physa was collected at all areas except HH and 
was found, with a single exception (area FF; August, 1960), only in 1961. 
Amnicola was taken infrequently at all areas except B, BB, 00, E, F, FF, 
and GG. Individuals of the genus Pleurocera were also collected infre­
quently and were taken only at areas BB, C, CC, EE, and HH. 
Pennak (1953, p. 671) states that: 
"The great majority of fresh-water gastropods are normally vege­
tarians. The coating of living algae which covers most submerged 
surfaces forms their chief food, but dead plant material is fre­
quently ingested, and occasionally dead animal material is eaten 
by some species." 
Baker (1918) classified Vivipara. Campeloma, and the family Physidae 
among herbivorous-detritus eaters, which suggests that they feed upon 
fresh plant material as well as detritus and carrion. Richardson (1921b) 
concluded that Vivipara and Campeloma were primarily detritus-eaters. 
Pennak (1953) considers Physa a good scavenger and essentially omnivorous. 
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The Amnicolidae, which were represented in the Keokuk area by Somatogyrus 
and Anglicola binneyana. were included among the herbivores by Baker (1918). 
Baker (1918) indicated that the families Sphaeriidae and Amnicolidae 
were of particular significance as fish food, while all other molluscan 
groups mentioned here were designated only as "of value" as food for 
fishes in Oneida Lake. Pennak (1953) states that an estimated 20 percent 
of fresh-water fishes in this country feed on mollusks and that many 
fishes regularly feed upon the Sphaeriidae. Only a few fish, however, 
utilize snails to such an extent that they form a significant portion of 
their diet. Richardson (1928) states that only catfish and sheepshead 
prey extensively on snails. Pennak also indicates that the mollusks are 
subject to prédation by leeches, beetle larvae, and the nymphs of Odonata. 
Hie importance of mollusks (particularly fingernail clams) in the diet 
of lesser scaup ducks is postulated by Paloumpis and Starrett (1960). 
Martin, et al. (1951) conclude that over two-thirds of the food of lesser 
scaup is made up of mollusks, immature insects, and Crustacea. Since 
diving ducks, most of which were lesser scaup, have been observed in 
tremendous numbers during the winter months on the water above the dam 
at Keokuk, the mollusks and other invertebrates there are undoubtedly 
utilized by ducks as well. 
The following quotation from Hoopes (1959, p. 58) summarizes our 
recent specific knowledge of the utilization of invertebrates from the 
Keokuk area by fishes. 
"Mayfly naiads, Hexagenia spp., comprised over 50 per cent of the 
food of channel catfish, freshwater drum, mooneyes, goldeyes and 
white bass and over 40 per cent of the food of paddlefish and 
white crappies. These naiads were also eaten by shovelnose 
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sturgeon, bluegill sunfish, black crappies, black bullheads and 
one eel. During this same period larval caddis flies, Potamyia 
flava, comprised over 60 per cent of the food of the shovelnose 
sturgeon and between 10 and 20 per cent of the food of mooneyes, 
goldeyes and white crappies Immature Plecoptera, Diptera, 
Coleoptera, Odonata and Zygoptera as well as Hemiptera, amphipods, 
copepods, cladocerans and some algae constituted the bulk of the 
remaining contents. Sauger and walleye were almost entirely 
piscivorous." 
The information presented above regarding the probable food habits 
and utilization by fishes of the various invertebrate organisms collected 
above Dam 19 has been summarized in Table 10 in a form somewhat similar 
to that presented by Baker (1918). An energy flow diagram (Figure 1) 
based upon the same information has also been composed. It should be 
noted that certain groups of organisms with similar food habits are 
mentioned in Figure 1 and that the composition of these groups can be 
ascertained by study of Table 10. Organisms which were not believed to 
be important in the complex of nutrient transfers above the dam were 
omitted from both the table and the figure. 
Quantitative Analysis 
Some variation is apparent in the numbers of invertebrate organisms 
collected at various sampling areas above Dam 19 in a given year, and 
striking differences occurred in both kinds and numbers of organisms 
collected in 1960 and 1961 (Tables 24 through 55). In preparing the 
Appendix tables, the results of 8 Ekman dredge collections per sampling 
area were included in calculating the average numbers taken per square 
foot in 1960 (4 washed in the 20-mesh pail and 4 in the 40-mesh pail), 
whereas the 1961 figures are based on only 4 Ekman dredge collections 
per area. 
Table 10. Summary of the probable food habits of invertebrate organisms collected from sampling 
areas along the eastern shore above Dam 19, Keokuk, Iowa. 
Detritus eaters Herbivores Omnivores Carnivores 
Oligochaetes Caenis sp. Potamyia sp. Glossiphoniidae 
Helobdella spp. Stenelmis sp. Hyalella sp. Erpobdella sp. 
Hexagenia spp. Tendipes sp. Asellus sp. Gomphus sp. 
Pentagenia sp. Amnicolidae Orconectes sp. Sialis sp. 
PolvPedilum sp. Oecetis sp. 
Microtendipes sp. Pelopiinae 
Stenochironomus sp. Cryptochironomus spp 
Tanytarsus sp. Chaoborus sp. 
Chrysops sp. Palpomyia sp. 
Unionidae 
Sphaeriidae 
Viviparidae 
Physa sp. 
Figure 1. Diagrammatic representation of the probable nutrient and energy flow in the 
biological community of mud flats along the eastern shore above Dam 19, Keokuk, Iowa. 
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The most abundant organisms at the 16 sampling areas in 1960, 
based on numbers collected and frequency of occurrence, were Hexagenia, 
Coelotanypus. Stenochironomus. oligochaetes, Sphaerium transversum. 
Campeloma. Lioplax subcarinata. and Somatogyrus depressus. The latter 
species was most abundant in August, 1960, and was much less numerous in 
1961. In 1961, Hexagenia seemed to be largely replaced by Tendipes 
plumosus at areas near Dam 19, and Oecetis sp. b became quite abundant 
at several areas. Otherwise, the same organisms remained most abundant 
in 1961. 
Sphaerium trans versum was the most numerous organism in the study 
area and was the only organism which was collected at every sampling 
area on every collection date. An estimated 1,127 S, transversum were 
collected per square foot at area H in August, i960 (Table 53). This 
represents the highest density of Sphaerium populations encountered and 
also the highest numbers of any single organism taken in the study area. 
Hexagenia ranged in abundance from 0 to 107 per square foot. The latter, 
at area C in June of 1961 (Table 32), nearly equals the highest numbers 
(110 per square foot) collected by the author in the summer of 1959 at 
Transect II (Carlson, 1960). No greater population density has since 
been encountered. Tendipes was collected in greatest numbers (384 per 
square foot) at area AA in July of 1961 (Table 26). Coelotanypus appear­
ed in greatest abundance at area A, and the maximum numbers of Coelotanypus 
(15 per square foot) were collected there in June, 1960 (Table 24), 
Stenochironomus ranged in abundance from 0 in many collections to 16 
per square foot at area CC in June, 1961, Oecetis. which was not 
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collected in 1960, was present in greatest abundance at area AA in 
July, 1961, where 23 per square foot were collected (Table 26). Maxi­
mum concentrations of about 37 oligochaetes per square foot were taken 
at area B in July, 1960 (Table 29)« Campeloma ranged in abundance from 
0 in many collections to 23 per square foot at areas C and GC in June of 
1961 (Tables 33 and 35). Maximum numbers of Lioplax (13 per square foot) 
were collected at area EE in June, 1960, and at area H in August, 1961 
(Table 43 and 53). About 27 Somatogyrus depressus. the maximum collected, 
occurred at area H in August of i960 (Table 53). 
Differences in the numbers of organisms collected at various sampling 
areas are most apparent in Tables 11 through 13, which summarize the data 
presented in the Appendix. In these tables, numbers collected per square 
foot at both areas at a given location (as, for example, A and AA) have 
been averaged. Numbers of organisms collected during each month in 
1960 were obtained by averaging the data from the 3 or 4 dates of col­
lection in each month. 
Hexagenia was always collected in greater numbers at locations G 
and H, which were farthest from the Keokuk Dam, and at location C than 
at other locations. It is also apparent that Tendipes was taken in 
greatest abundance only at the areas nearest the Keokuk Dam. They were, 
however, not always present in greatest numbers where Hexagenia was 
least abundant, since they were very numerous at location C in associ­
ation with large populations of mayflies. Location B, which was farther 
from shore, appeared to harbor fewer insects than locations A or C, No 
general trends are obvious in the distribution of any other chironomids, 
Table 11. Average numbers of organisms collected per square foot during June. 
A-AA B-BB 
Sampling areas 
C-CC D-DD E-EE F-FF G-GG H-tiH 
Hexagenia 1960 
1961 
48.3 
4.5 
36.7 
2.5 
54.1 
103.5 
33.8 
7.5 
38.8 
3.0 
58.3 
17.0 
82.1 
42.5 
78.4 
29.5 
Tendipes 1960 
1961 225.5 13.0 283.5 - - 0.5 -
— 
Coelotanypus 1960 
1961 
7.1 
9.5 
4.7 
8.0 
0.4 
5.5 
2.8 
3.5 
0.8 
7.5 
3.0 
5.0 
5.8 
8.0 
2.4 
1.5 
Other chironomids 1960 
1961 
0.8 
8.0 
1.3 
0.5 
0.5 
16.5 
2.5 
0.5 
0.6 2.6 
2.5 
0.8 
4.0 
0.4 
2.0 
Oecetis 1961 - 0.5 - - - - - -
Other arthropods 1960 
1961 
0.1 
1.0 
0.3 
1.0 
0.2 0.1 0.3 0.2 0.3 
Oligochaetes 1960 
1961 
9.7 
11.0 
15.4 
10.5 
3.3 
3.5 
12.0 
13.5 
5.2 
8.5 
10.1 
12.5 
7.0 
8.0 
3.0 
10.5 
Leeches 1960 
1961 
0.4 
1.0 
0.2 
1.0 
0.7 
2.0 
0.3 
6.0 
0.8 
5.0 
0.3 
4.0 
0.3 
2.5 
Sphaerium transversum 1960 
1961 
31.5 
254.0 
142.7 
200.0 
38.3 
22.0 
188.6 
109.0 
168.5 
56.5 
47.1 
265.5 
380.8 
205.5 
233.9 
189.5 
Campeloma 1960 
1961 
3.3 
4.0 
2.4 
2.5 
7.4 
23.0 
2.0 
3.5 
5.6 
8.0 
1.6 
5.5 
4.6 
5.5 
3.1 
5.0 
Other mollusks 1960 
1961 
1.1 
3.5 
1.6 
2.0 
1.3 
4.0 
1.5 
3.5 
8.6 
1.5 
2.7 
2.0 
3.3 
8.0 
2.7 
4.5 
Table 12. Average numbers of organisms collected per square foot during July. 
A-AA B-BB C-OC 
Sampling 
D-DD 
areas 
E-EE F-PF G-43G H-HH 
Hexagenia 1960 
1961 
19.4 
0.5 
23.9 35.0 
3.5 
20.3 24.8 28.8 
2.5 
46.2 
9.0 
50.5 
4.5 
Tendipes 1960 
1961 
0.1 
12.5 1.5 24.5 - -
0.1 -
-
Coelotanypus 1960 
1961 
0.7 1.6 
0.5 
0.4 
0.5 
1.8 
1.0 
0.6 
3.0 
0.9 
0.5 
2.8 
1.0 
0.9 
0.5 
Other chironomids 1960 
1961 
3.0 
2.5 
4.2 
1.0 
1.3 
3.0 
4.5 
0.5 
2.6 5.9 
8.0 
7.3 
2.0 
7.6 
2.0 
Oecetis 1961 17.5 5.0 1.5 15.0 7.0 4.5 10.5 11.0 
Other arthropods 1960 
1961 
0.1 
2.5 
0.1 
0.5 
0.4 
0.5 
0.2 
0.5 
0.3 
1.0 
0.1 0.3 0.5 
0.5 
Oligochaetes 1960 
1961 
8.4 
3.5 
22.3 
6.5 
3.8 
5.5 
15.2 
3.5 
2.8 
5.5 
9.3 
5.5 
5.8 
3.0 
3.3 
7.5 
Leeches 1960 
1961 
0.6 0.1 
3.5 
1.1 
11.5 
0.4 
2.5 
2.0 
3.5 
0.7 0.5 
1.0 
1.1 
Sphaerium transversa# 1960 
1961 
23.1 
437.0 
150.7 
321.5 
54.1 
81.5 
221.5 
143.0 
126.6 
206.5 
118.4 
370.5 
344.4 
215.5 
394.1 
407.0 
Campeloma 1960 
1961 
1.2 
4.5 
2.4 
5.5 
8.6 
18.0 
1.4 
7.0 
4.7 
8.0 
1.9 
3.5 
4.9 
11.0 
3.7 
4.5 
Other mollusks 1960 
1961 
0.3 
10.5 
1.6 
5.0 
1.7 
5.0 
1.1 
7.5 
6.5 
5.0 
2.9 
3.5 
3.3 
4.5 
3.2 
5.0 
Table 13. Average numbers of organisms collected per square foot during August. 
SAMPLING AREAS 
A-AA B—BB C-CC D-DD E-EE F-FF G-GG H-HH 
Hexagenia 1960 5.7 7.4 11.9 5.6 8.1 5.5 13.2 11.1 
1961 — 0.5 — 1.5 0.5 0.5 0.5 
Tendipes 1960 0.3 0.1 - 0.1 - - - 0.1 
1961 6.5 3.0 1.5 1.0 — 
Coelotanypus 1960 0.6 1.9 0.7 2.0 0.6 6.7 1.8 1.7 
1961 4.0 1.0 1.5 4.0 1.0 3.0 3.5 1.5 
Other chironomids 1960 1.4 4.2 1.2 4.6 1.4 3.5 6.0 3.6 
1961 21.5 1.0 12.0 4.0 4.5 4.5 11.5 11.5 
Oecetis 1961 1.5 0.5 - 0.5 0.5 - - 0.5 
Other arthropods 1960 0.1 _ 0.2 — 0.1 — 0.2 0.2 
1961 0.5 — 0.5 — — 0.5 — 0.5 
Oligochaetes 1960 12.0 22.0 4.5 17.1 6.4 8.7 9.6 5.6 
1961 5.0 2.5 4.0 4.0 4.0 9.0 4.5 6.5 
Leeches 1960 1.2 1.1 2.3 1.2 4.3 1.6 1.9 2.6 
1961 8.5 2.5 2.0 5.5 5.5 1.5 1.0 3.0 
Sphaerium transversum 1960 30.8 367.0 110.0 451.7 233.7 384.6 442.8 703.3 
1961 166.5 115.5 21.5 76.5 147.0 184.0 230.0 194.0 
Campeloma 1960 1.0 5.1 7.4 2.2 4.2 4.3 7.5 2.3 
1961 3.5 4.0 9.5 6.0 8.5 3.0 15.0 4.0 
Other mollusks 1960 1.9 6.3 5.3 5.8 16.6 15.8 20.3 18.3 
1961 8.0 9.0 12.5 16.5 24.5 11.5 11.5 17.0 
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Oecetis, or other arthropods. 
The results of sampling in 1960 indicated that moHusk populations 
were much higher at areas farthest from Dam 19, but 1961 collections did 
not consistently support this tendency. Generally, the mollusk popu­
lation, as well as the numbers of all organisms combined, depended upon 
the numbers of S. transversum which were collected. The latter were 
found to be quite unevenly distributed, and collections varied consider­
ably from one dredge-haul to another. Location C, which supported enor­
mous populations of Hexagenia and Tendipes early in the summer and the 
greatest variety of molluscan species, generally harbored relatively low 
populations of Sphaerium transversum. Campeloma and other mollusks were 
abundant at these areas. In August, the mollusks other than S. trans-
versum and Campeloma were found to be most numerous at areas farthest 
from Dam 19. This can be largely attributed, in 1960, to the marked 
increase in Somatogyrus depressus populations with increased distance 
from the dam (odd-numbered Appendix Tables). In 1961, the less-pronounced 
changes were due to scattered large populations of Physa and/or 
Viviparidae. 
Figures 3 through 6 illustrate the percentage composition of the 
bottom fauna and point out seasonal and year-to-year changes in the 
benthos at the sampling areas. Figure 2 serves as a guide for the in­
terpretation of the other diagrams. Representative locations A, C, E, 
and G were chosen to illustrate trends from the dam to the upper portion 
of the sampling region. The percentages were calculated from the com­
bined data collected at both areas at a given location. The following 
may be noted by reference to these figures and to the tabulated data. 
Figure 2. Key to diagrams illustrating percentage composition of the bottom fauna. 
KEY TO PIE DIAGRAMS ILLUSTRATING PERCENTAGE 
COMPOSITION OF BOTTOM FAUNA 
Figure 3. Percentage composition of the benthos at areas A and AA during June, July, and August, 
in 1960 and 1961. (See Figure 2 for explanation of the number code.) 
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CO 
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Figure 4.. Percentage composition of the benthos at areas C and CC during June, July, and August, 
in 1960 and 1961. (See Figure 2 for explanation of the number code.) 
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Figure 5. Percentage composition of the benthos at areas E and EE during June, July, and August, 
in 1960 and 1961. (See Figure 2 for explanation of the number code.) 
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Figure 6. Percentage composition of the benthos at areas G and GG during June, July, and August, 
in 1960 and 1961. (See Figure 2 for explanation of the number code.) 
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Sphaerium transversum appeared to play a more important role in the 
ecology of the study area as each summer progressed. This is not always 
due to an increase in the numbers collected throughout the summer, but 
is rather due to a decrease in other elements of the benthos (primarily 
aquatic insect emergence). The diagrams based on percentages may also 
lead one to believe that Hexagenia naiads were always less numerous at 
areas farther from the dam, but this was not always the case. They were 
simply present in relatively lower numbers in proportion to the other 
components of the bottom fauna and always made up a lower percentage of 
the benthos there. 
Hexagenia naiads were much more abundant in 1960 than in 1961 
throughout the study area. They were, however, more numerous in June 
of 1961 than in June, 1960, at location C. It is also evident that the 
decline in Hexagenia in June, 1961, as compared with early I960, was 
more pronounced at sampling areas near Dam 19 than at the part of the 
study area which was farthest from the dam (areas G through HH). In 
both 1960 and 1961, a decrease in the Hexagenia populations through 
the summer may be observed at all sampling areas (Figures 7 and 8). 
This is to be expected, since emergences occur throughout the summer 
months. The notable paucity of naiads collected in August, 1961, has 
already been mentioned. 
The tabulated data in the Appendix show several trends in the 
chironomid populations at various locations. Coelotanypus was the most 
abundant chironomid at nearly every area in 1960. At sampling areas 
some distance from Dam 19, Stenochironomus was also quite abundant. In 
Figure 7. Numbers of Hexagenia. Tendipes. and Coelotanypus collected during 1960 and 1961 at 
areas A and C. 
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Figure S. Numbers of Hexagenia and Coelotanypus collected during 1960 and 1961 at areas E and G. 
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1961, when Hexagenia populations were lower, populations of these and 
other chironomids generally were higher. This is particularly true of 
Tendipes plumosus which was much more abundant at areas A through CC 
in 1961 than in 1960. At areas above GC, however, Tendipes was seldom 
collected, and there was also a lesser increase in numbers of other 
chironomids in 1961. Coelotanypus and Stenochironomus remained the 
dominant chironomids at areas above CC in 1961. 
Several chironomids showed a tendency to become more abundant in 
July or August than in June. Stenochironomus. Cryptochironomus. 
Procladius. and Pentaneura all were generally more numerous in collections 
made after the month of June. As was previously mentioned, Pelopia was 
collected only during August, 1961. Periods of peak abundance in popu­
lations of chironomids other than Tendipes and Coelotanypus are illus­
trated in Figure 9. Tendipes and Coelotanypus. like Hexagenia. usually 
declined in numbers throughout the summer (Figures 7 and 8). Because of 
the relatively greater abundance of Tendipes and Coelotanypus. the total 
chironomid population was found to decline as the summers progressed. 
This variation in periods of abundance is undoubtedly due to differences 
in emergence times of the species represented, and it illustrates a 
means by which the available habitat may be used to better advantage. 
Figure 9 also illustrates changes which were evident in moHusk and 
leech populations. In 1961, when Hexagenia populations were low, popu­
lations of leeches and mollusks other than Campeloma and Sphaerium 
transversum were usually higher than in i960. Again, this did not hold 
true at areas farthest from Dam 19, where Hexagenia populations were not 
Figure 9. Numbers of mollusks other than Sphaerium transversum and Campelona, leeches, and 
chironomids other than Tendipes and Coelotanypus collected during 1960 and 1961 
at areas A, C, E, and G. 
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so different in 1960 and 1961. These same organisms tended to be taken 
in greatest numbers in July or August rather than in June. This was 
particularly true of individuals of the genus Helobdella. which were 
most abundant in July and August, and of the molluscan genera Somatogyrus. 
Physa. and Lioplax. 
Several organisms were collected in abundance only in 1961, when 
mayfly populations were relatively low. Of these, Tendipes and Pelopia 
were mentioned previously. Physa was collected frequently in 1961 but 
only once in 1960. Hyalella was also collected only in 1961. Oecetis 
was collected in relatively large numbers in 1961 and was scarce, if not 
absent, in i960. Other less numerous organisms were found either in 
1961 alone or only in 1960. 
It is clear that the changes between 1960 and 1961 populations at 
locations E and G were much less pronounced than those which occurred 
nearer the dam (Figures 3 through 6). Although one may expect the per­
centage of the benthos made up by each other group to increase as mayfly 
and midge emergences occur, the graphs also indicate actual numerical 
changes and are useful for comparison of conditions which existed in 
1960 as opposed to those which prevailed in 1961. 
Although it may be dangerous to draw conclusions on the basis of 
data representing only two years of sampling, it appears now that low 
Hexagenia populations are accompanied by increases in several other 
elements of the macroscopic bottom fauna. Evidence is also presented to 
show that the benthic habitat is utilized to good advantage by contrast­
ing periods of greatest abundance of various components of the benthos. 
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Total numbers of organisms collected fluctuated markedly because 
of considerable variance in the numbers of sphaeriid clams collected 
within a single sampling area. Locations F, G, and H, however, con­
sistently yielded large collections of benthos, and were, on the basis 
of the total number of all organisms collected, the most productive 
locations (Table 14). Location C, at which a moderate current was pre­
sent and the greatest variety of organisms was collected, was found to 
be the least productive on the basis of the standing crop of benthos. 
Insect populations, which were subject to decline during the summer 
months, generally controlled the abundance of all organisms at locations 
A through C. At areas farther from the dam, molluscan populations 
dominated the benthos and maintained their abundance throughout the 
summers, serving to provide more' stable populations. Considering all 
sampling periods and locations, an average of 272 organisms per square 
foot was collected on the mud flats along the Illinois shore above Dam 19. 
Comparisons with Other Studies 
Ihe development of techniques for quantitative benthic studies 
and some of the major pioneering studies in the field have been reviewed 
by Rawson (1930), Cronk (1932), and Gersbacher (1937). Since the initi- 1 
ation of quantitative bottom fauna analyses, the benthic associations in 
lakes seem to have attracted more attention than those of streams 
(Gersbacher, 1937), and relatively few studies of large streams are 
available for comparison with the benthos studied by the present author. 
Mountain streams have been the focus of most attention since studies of 
the animals of streams began (Jonasson, 1948). Berner (1951, p. 1) 
Table 14. Average numbers of all organisms collected per square foot at all areas. 
Areas June. 1960 July. 1960 Aug.. 1960 June. 1961 July. 1961 Aug.. 1961 
Overall 
average 
A-AA 102.3 56.9 55.0 522.0 491.0 225.5 242.1 
B—BB 205.3 206.9 415.1 240.5 350.5 139.5 259.6 
C-CC 106.0 106.4 143.5 464.5 155.0 65.0 173.4 
D-DD 243.7 266.4 490.3 147.0 180.5 119.5 241.2 
E-EE 229.0 170$ 9 275.4 90.0 239.5 196.0 200.1 
F-FF 126.0 169.0 430.7 310.5 398.5 217.5 275.4 
G-GG 484.6 415.5 503.3 285.5 257.5 277.0 370.6 
H-tiH 324.5 464.9 748.8 245.0 442.5 239.0 410.8 
Overall average for all areas combined 271.7 
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states that: 
the studies of the benthic productivity of rivers have been 
largely limited to the smaller, less-turbid streams." 
There are, however, some comparisons which might be of value. 
In 1930, Ellis (1931) undertook a limited study of the bottom fauna 
and flora of Lake Keokuk and found that, in spite of some variations in 
different parts of the lake, the bottom fauna in silted areas of the 
body of the lake consisted primarily of: 
".... sludge worms, bloodworms, corethra, a few snails of the 
pulmonate group, tiny bivalves of the genus Musculium, and 
several species of leeches...." (p. 8). 
He also discovered (p. 8): 
"At a few stations in the lake the larvae of the large May fly, 
Hexegenia" (Sic) "were taken, although this species was very 
much more abundant upriver than in the lake proper. 
Summarizing the bottom fauna of the lake as a whole as 
shown by a large number of hauls, dredgings, and samplings 
during the month of July, 1930, the fauna was found to consist 
almost entirely of those forms tolerant of low oxygen conditions 
and, therefore, forms which have come to be regarded as indices 
of a polluted or biologically unfavorable body of water. The 
once abundant beds of fresh-water mussels which were worked 
commercially in the region now covered by Lake Keokuk before 
the erection of the dam have all disappeared." 
Macroscopic bottom fauna organisms collected at sampling areas A 
through HH above the Keokuk Dam in 1960 and 1960 (Table 9) were not 
greatly different from those reported by Ellis (1931). Numerous Hexagenia 
were collected at all areas, and only two Chaoborus (= Corethra) were 
taken in the 1960 and 1961 collections. The major groups which were 
represented were, however, much the same as those collected in 1930. 
Wiebe (1927) studied conditions in the Mississippi River below the 
Twin Cities and showed that the bottom fauna was composed almost entirely 
of pollution-tolerant species to a distance of 40 or 50 miles below 
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St. Paul. Samples taken within this area yielded very little other 
than Chironomus. tremendous numbers of tubificids, a few leeches, and 
a few Musculium. In some collections taken above Minneapolis and some 
be low Lake Pepin (particularly those taken near Winona), the numbers 
and types of organisms were more similar to those commonly taken near 
Keokuk. Wiebe endeavored to take samples from either near shore or 
from the river channel. His near-shore samples outside the zone of 
heavy pollution could be expected to be most similar to those taken 
near Keokuk but are commonly characterized by large numbers of Hyalella. 
Johnson (1929) studied the bottom fauna of Lake Pepin, a natural 
expansion of the Mississippi with a fairly uniform depth of about 30 
feet, in 1928 and discovered a "great and uniform abundance" of 
Chironerous plumosus which averaged about 3000 per square yard during 
July over the entire lake. In August, the numbers were greatly re­
duced because of emergence. In his 1933 paper, Johnson stated that 
C_. plumosus and sphaeriid mussels were nearly equally abundant beyond 
the vegetation zone of Lake Pepin, and, unlike other Minnesota lakes 
he had studied, Lake Pepin contained virtually no amphipods or Corethra. 
A few unidentified annelids and snails were also reported from Lake 
Pepin collections. Johnson and Munger (1930) stated that mayflies were 
abundant in Lake Pepin before 1913-1920 but were replaced by C. plumosus. 
They attributed the excessive abundance of midge larvae in the lake to 
the exceptionally rich bottom mud which was enriched by pollution 
carried by the river from the Twin Cities. The water of the lake was 
not, however, believed to be seriously polluted. 
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Dorris (1958) studied small, shallow lakes adjacent to the river 
near Quincy, Illinois. The bottom fauna of these lakes is quite unlike 
that of the study area near Keokuk. The lists of species of chironomids 
and leeches collected appear to be somewhat similar to those of the area 
near Keokuk, but species of Chaoborus. Pelopia. and Palpomyia were the 
dominant dipterous species in the lakes. Tendipes plumosus. Hexagenia. 
Sphaerium. river snails, and oligochaetes common near Keokuk were collected 
incidentally if at all. Total numbers of organisms collected per square 
yard frequently greatly surpassed the average numbers collected near 
Keokuk. One would expect striking differences between the bottom fauna 
of lakes, such as those studied by Dorris, and the river itself. 
Clements and Shelford (1939, pp. 302f) state that: 
"It must be remembered that any portion of a community separated 
from the river channel, such as an oxbow, takes an immediate 
start as a land sere, characterized by increases in vegetation 
and the extinction of the terrigenous bottom community. This 
separation and the stoppage of current constitute a fundamental 
change in aquatic climate, and the fishes are consequently unable 
to retard the process." 
Dorris concludes, however, that the lakes he considered had not progressed 
far toward a terrestrial sere. Fishes had apparently succeeded in pre­
venting the establishment of aquatic plant communities and continued 
in a dominant role. He relates that (p. 108): 
"In general, the community is still composed of many forms which 
are characteristic of the physiographic aquatic climax community. 
The components of the community have partially succeeded in 
maintaining their environment in the face of ecologic and physio­
graphic factors that should tend to destroy it rapidly." 
Components of the Mississippi River bottom fauna in shallow, shelter­
ed areas above the Keokuk Dam show a resemblance to those reported by 
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Richardson (1921b) in the Illinois River prior to increases in sewage 
pollution. Mollusks were the most abundant organisms in the Illinois, 
as they were in the study area near Keokuk, but the meager insect fauna 
in most regions of the Illinois River proper in which the current flowed 
relatively slowly contrasts markedly with the numbers of insects encoun­
tered near Keokuk. Some of the lakes adjacent to the Illinois River 
did contain greater insect populations more similar to those of the 
present author *s study area. It appears that the particular region 
of the Mississippi which was studied is somewhat less productive than 
the richest areas of the pre-pollution Illinois as evidenced by total 
number of organisms collected. Richardson (1921b) reported that the 
region between Liverpool and Havana was the most productive area he 
studied, and that the 4 to 7 foot zone in that area supported an average 
of 3830 individuals per square yard during 1915. The overall average 
number of organisms collected by the present author was 272 per square 
foot or 2448 per square yard (Table 14). The Mississippi collections 
do, however, exceed all other lake, channel, and shallow-water bottom 
fauna collections reported by Richardson. Richardson (1921b, p. 373) 
states that : 
"In the river itself much the most abundant product is found where 
the current is most sluggish, and the bottom sediments are conse­
quently deepest and are most heavily charged with organic materials 
originally washed into the stream by rains or poured into it by 
sewers of cities and towns, and transformed by oxidation into 
compounds suitable for the nutrition of clean-water plants and 
animals." 
Because of its location relative to the Keokuk Dam, it might be expected 
that the study area near Keokuk would be an area of the Mississippi River 
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particularly rich in bottom fauna. 
With the advent of increased sewage pollution between 1915 and 
1920, the Illinois River became somewhat less similar to recent con­
ditions above Dam 19. Generally, mollusks and most arthropods and 
worms decreased in numbers or vanished, while numbers of tolerant 
oligochaetes and chironomid larvae increased tremendously (Richardson, 
1921a). Many of the organisms which decreased in numbers or disap­
peared were found to be abundant near Keokuk. They included Lioplax. 
Viviparus. Somatogyrus. Physa. leeches, isopods, and Hyalella. Tolerant 
organisms which generally remained included Campeloma. Pleurocera. and 
Sphaerium transversum (Richardson, 1921a and 1925a), The weight of 
organisms present per square yard between Liverpool and Havana had de­
creased by slightly more than 95 percent by 1920 (Richardson, 1921a). 
Lower regions of the river were less severely affected. 
By 1922, the number of species in Peoria Lake had increased some­
what, but the increase was almost entirely due to pollution-tolerant 
species (Richardson, 1925a). Further studies in 1923 indicated the 
fauna of Peoria Lake was much the same, and that bottom organisms of 
most of the upper regions of the river were of pollution-tolerant va­
rieties (Richardson, 1925b). Richardson (1925b, p. 393) states that : 
"It is particularly noteworthy that the greatest injury since 
1913-15 seems to have been done in the short but formerly ex­
ceedingly rich section just above Havana; where current is slack­
est and sedimentation most abundant after floods; or where, in 
other words, there was at the same time most danger and the most 
that was capable of being destroyed." 
Hexagenia bilineata was listed as one of a group of original inhab­
itants which was no longer present in the region just above Havana and 
105 
in several other areas. In his 1928 paper, Richardson reviewed the 
entire sequence of his studies and considered changes in the Illinois 
from 1913 through 1925. He concluded that tubificids and sphaeriids 
increased in numbers after 1920 and that leeches also increased after 
1924. Sphaeriids were seen to decline with the increase in leeches due 
to leech prédation. In many areas there was evidence that conditions 
were improving slightly in 1925. Richardson's final (1928) tabulated 
data indicate that numbers of organisms at many areas in the Illinois 
River greatly surpassed the numbers collected by the author near Keokuk 
in 1960 and 1961, primarily because of the great abundance of tubificids 
and sphaeriids. 
Paloumpis and Starrett (1960) report that, on the basis of organisms 
collected in some of the same lakes which Richardson had studied, con­
ditions have further improved in the Illinois River since 1925. They 
attribute the improvement to the development of urban sewage disposal 
facilities and to navigation dams which allow for greater natural break­
down of some pollutants. The improvement has occurred in spite of a 
doubling of the human population and industries along the Illinois River. 
A comparison of lists of species collected reveals that most of the 
organisms collected in the study area near Keokuk were also taken from 
the lakes adjacent to the Illinois River. In spite of the improvement 
in the condition of the river, the outstanding feature of all three of 
the lakes studied by Paloumpis and Starrett was the abundance of oligo-
chaetes which composed at least 60 percent of the numbers of organisms 
collected from 1952 to 1958 (compare with Figures 3 through 6). Dipterous 
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larvae were the most numerous insects collected; and Chaoborus. Pelopia. 
Coelotanypus. and Procladius were most abundant. On the basis of total 
numbers of organisms per square foot, the lakes were all more productive 
than the study area above Dam 19. 
The study area near Keokuk appears to be inhabited and dominated 
by benthic organisms which Richardson found to be both very tolerant to 
pollution and extremely sensitive to pollution. Among the dominant 
benthic organisms collected at Keokuk, he considered Limnodrilus 
hoffmeisteri and Tendipes plumosus as pollutional, Sphaerium transversum 
as subpollutional, and Hexagenia bilineata as a "more sensitive" cleaner-
water species. Other less abundant organisms taken at Keokuk appear in 
his various groups characteristic of subpollutional conditions to clean 
water, life may conclude with Ellis (1937, p. 399) that: 
"In the lesser degrees of organic pollution and in most cases of 
chemical pollution index species as such were of little value." 
A brief comparison may also be made with the results of a study of 
the Missouri River, another large midwestern river. Berner (1951) found 
that the lower Missouri harbored very little benthos. He collected only 
750 organisms in 130 Peterson dredge-hauls between April and October, 1945. 
Over half of the aquatic benthic organisms in his collections were 
Diptera (primarily chironomid larvae). Trichopterous larvae and aquatic 
annelids were the only other important constituents of the benthos. No 
mollusks were found in the dredge samples. Chaoborus and Plecoptera 
were collected only during certain parts of the summer. He concluded 
(p. 10) that: 
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"Directly or indirectly every limnological feature of the Missouri 
River is conditioned by its very high turbidity. This turbidity 
and the characteristics of the river which promote turbidity 
(high current velocity, shifting substratum, and others) are 
largely responsible for the paucity or total absence of many 
biotic forms. 
Probably because of the turbidity, the basic productivity of 
the Missouri River is very low." 
It is indeed much less productive of benthos than the area studied by 
the author. 
Among the studies of European rivers, the work of Behning (1928) 
on the Volga River in Russia is the only major consideration of a large 
lowland river. The Volga is the longest river in Europe. Behning*s 
quantitative data indicate that the animals of the "Schlammablagerungen" 
(mud sediments) of the river itself numbered at least 300 per square 
meter; much less than the average number of organisms (2928) collected 
per square meter near Keokuk. Collections from the mud were made up 
primarily of nematodes, oligochaetes, leeches, and dipterous larvae. 
Bays and side-channels with slower currents and thicker mud deposits 
were more productive and harbored an average of 400 individuals per 
square meter. The fauna of these backwater areas apparently bore a 
somewhat greater similarity to that near Keokuk. The organisms collect­
ed included Viyjparus. Sphaerium. Limnodrilus, Glossiphonia. Gomphus. 
Tanypus. and Tendipes plumosus. Tanypus was sometimes collected in 
numbers ranging from 1000 to 2000 per square meter. 
Judging from the types of organisms which were collected above the 
Keokuk Dam in 1960 and 1961 and from the proportions of the various 
organisms in benthos collections, we conclude that the study area gener­
ally supports the climax benthic community characteristic of large rivers. 
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Gersbacher (1937, p. 386) has defined that community as 
the mud-bottomed pool climax type essentially without rooted 
vegetation and with insects and molluscan prédominants, and with 
fishes as the most important dominants....", 
a description which seems to fit the study area well. The community 
which occupies the study area corresponds closely to the "Hexagenia-
Musculium-Viviparus" community of mature streams as defined by 
Gersbacher. 
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RESULTS OF BIOASSAYS INVOLVEN3 IMMATURE HEXAGENIA AND HYDROPSYCHE 
Experimentation with toxicants began in the laboratory early in the 
summer of 1961, and Hexagenia naiads (which could be obtained in large 
numbers only before mid-July) were chosen as the first experimental 
animals. In experiments which were conducted with technical grade 
Malathion, the first insecticide used, it soon became apparent that 
many naiads were not killed even at very high concentrations of the 
chemical, Their coordinated movements were completely curtailed, but 
they continued to exhibit periodic spasms of their appendages. A few 
naiads in this condition were removed from the toxicant and were placed 
in fresh water. It was found that their condition improved somewhat, 
but that they expired before completely recovering. Some naiads in 
lower concentrations often were not affected and continued to swim 
actively about the test jars. Others, though not able to swim about, 
were obviously not so severely affected as those naiads which were con­
vulsive. They were able to maintain coordinated, movements of their 
legs and abdominal gills but were unable to swim effectively when dis­
turbed, In small-scale experiments, individuals in this condition 
were found to recover completely (as well as the author could ascertain) 
when removed from suspensions of insecticide to fresh water. After re­
covery they lived as long (about five days) as untreated insects held 
under similar conditions. Some naiads were completely motionless and 
were obviously killed by the toxicants. 
Because of the occurrence of these rather well-defined stages of 
poisoning, the author established a coding system to be used when 
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insects in toxic suspensions were observed. Naiads which were actively 
swimming about the test jars were classed as in "good" condition. 
Those which could move their legs and had coordinated gill movements 
but were unable to swim when disturbed were classed as in "fair" condi­
tion. Naiads which were near death and exhibited only periodic twitch­
ing movements of legs or gills were classed as in "poor" condition. 
Those which were in poor condition were considered moribund, and they 
were classed as dead in the analyses presented here. Individuals in 
good or fair condition made up the group of organisms which were classed 
as alive. Since caddisfly larvae were not so tolerant to the chemicals 
used and always were obviously alive or totally without movement, it 
was not necessary to exercise judgement as to their condition except 
to note whether they were alive or dead. 
The data obtained from all definitive toxicity experiments con­
ducted during the summers of 1961 and 1962 are presented in Tables 15 
through 20. Water temperatures and dissolved oxygen information are 
presented for each experiment in which they were measured. Ten insects 
were held at each of the concentrations listed during each of three 
experiments with each insecticide on each genus. 
The data indicate the variability which was observed from one 
experiment to the next even though concentrations were identical within 
each series of three experiments. It might be expected that lack of 
constant temperature facilities would cause considerable variation in 
the results, as the toxicity of a chemical generally is higher at 
higher temperatures. Although no great differences in temperature 
Table 15. Mortality of Hexagenia naiads after 24 hours in three experiments with technical Go-ral. 
Experiments 
Date conducted 
Water temp, range (°C.) 
Dissolved oxygen (ppm) 
ppb Log 
concentration concentration 
32000 
10000 
3200 
1000 
320 
100 
32 
Control 
4.5 
4.0 
3.5 
3.0 
2.5 
2.0 
1.5 
6/20/62 
22-23 
6/21/62 
22 
6/27/62 
24 
8.0-3.0 
Number dead after 24 hours 
10 
7 
5 
7 
5 
2 
1 
0 
10 
6 
4 
4 
2 
1 
0 
1 
10 
10 
10 
10 
10 
9 
3 
0 
Total dead Percent 
in 3 experiments dead 
30 100 
23 77 
19 63 
21 70 
17 57 
12 40 
4 13 
1 3 
Table 16, Mortality of Hexagenia naiads after 24 hours in three experiments with technical Dylox. 
Experiment 
Date conducted 
Water temp, range (°C.) 
Dissolved oxygen (ppm) 
ppb Log 
concentration concentration 
1800 
1000 
560 
320 
180 
100 
Control 
3.25 
3.00 
2.75 
2.50 
2.25 
2.00 
5/19/62 5/26/62 5/31/62 
19-25 17-20 16-21 
7.8-3.0 
Number dead after 24 hours 
12 3 
10 
7 
6 
2 
1 
0 
0 
6 
4 
2 
0 
0 
0 
0 
8 
4 
2 
0 
0 
0 
0 
Total dead percent 
in 3 experiments dead 
24 80 
15 50 
10 33 
2 7 
1 3 
0 0 
0 0 
Table 17. Mortality of Hexagenia naiads after 24 hours in three experiments with technical Malathion. 
Experiments 
Date conducted 
Water temp, range (°G.) 
Dissolved oxygen (ppm) 
ppb Log 
concentration concentration 
5600 
3200 
1800 
1000 
560 
320 
180 
Control 
3.75 
3.50 
3.25 
3.00 
2.75 
2.50 
2.25 
6/28/62 6/29/62 6/30/62 
23-25 25 25 
8.0—2.8 8.0—2.8 
Number dead after 24 hours 
12 3 
10 
10 
10 
10 
9 
3 
0 
0 
10 
9 
9 
7 
3 
3 
0 
0 
7 
7 
7 
6 
2 
0 
0 
0 
Total dead Percent 
in 3 experiments dead 
27 
26 
26 
23 
14 
6 
0 
0 
90 
87 
87 
77 
47 
20 
0 
0 
Table 18. Mortality of Hydropsyche larvae after 24 hours in three experiments with technical Co-ral. 
Experiments 
Date conducted 
Water temp, range (%.) 
Dissolved oxygen (ppm) 
ppb Log 
concentration concentration 
10.0 
7.5 
5.6 
4.2 
3.2 
2.4 
1.8 
Control 
1.00 
0.88 
0.75 
0.62 
0.50 
0.38 
0.25 
7/13/62 7/14/62 7/17/62 
22-24 22-23 22-23 
8.0-7.8 
Number dead after 24 hours 
12 3 
10 
8 
7 
2 
0 
0 
0 
0 
10 
10 
7 
5 
2 
0 
0 
1 
10 
7 
3 
1 
1 
0 
1 
0 
Total dead Percent 
in 3 experiments dead 
30 
25 
17 
8 
3 
0 
1 
1 
100 
83 
57 
27 
10 
0 
3 
3 
Table 19. Mortality of Hydr opsyche larvae after 24 hours in three experiments with technical Dylox. 
Experiments 
Date conducted 
Water temp, range (°C.) 
Dissolved oxygen (ppm) 
ppb Log 
concentration concentration 
32 
24 
18 
13.5 
10 
7.5 
5.6 
Control 
1.50 
1.38 
1.25 
1.13 
1.00 
0.88 
0.75 
7/28/62 7/30/62 7/31/62 
21-22 21-22 21-22 
7.9-6.8 
Number dead after 24 hours 
12 3 
10 
8 
6 
2 
2 
3 
0 
0 
9 
7 
5 
2 
2 
2 
0 
0 
8 
8 
4 
4 
1 
0 
0 
0 
Total dead Percent 
in 3 experiments dead 
25 
23 
14 
8 
5 
5 
0 
0 
83 
77 
47 
27 
17 
17 
0 
0 
Table 20. Mortality of Hydropsyche larvae after 24 hours in three experiments with technical 
Malathion. 
Experiments 
Date conducted 
Water temp, range (%.) 
Dissolved oxygen Cppm) 
ppb Log 
concentration concentration 
32.0 
18.0 
10.0 
5.6 
3.2 
1.8 
Control 
1.50 
1.25 
1.00 
0.75 
0.50 
0.25 
8/10/61 8/11/61 8/14/61 
23-24 22-24 23-24 
7.9-7.1 7.2-6.3 
Number dead after 24 hours 
12 3 
9 
7 
5 
1 
0 
1 
0 
10 
9 
4 
4 
1 
2 
1 
9 
6 
0 
0 
1 
0 
0 
Total dead Percent 
in 3 experiments dead 
28 
22 
9 
5 
2 
3 
1 
93 
73 
30 
17 
7 
10 
3 
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were encountered, there generally was evidence of slightly greater 
toxicity with higher temperature. 
The range of critical concentrations was found in preliminary tests 
to vary considerably depending upon the chemical and the insect under 
consideration. Greatest differences were encountered in the use of 
technical Co-ral. A very wide range of concentrations of Co-ral (32 to 
32000 ppb) was necessary to produce mortalities of Hexagenia between 
zero and 100 percent, but it was necessary to subject Hydropsyche to a 
much narrower range of concentrations (1.8 to 10 ppb). In every case, 
it was found necessary to use a wider range of concentrations with 
Hexagenia than with Hydropsyche. 
The results of oxygen determinations which were taken indicate 
that Hexagenia consumed a great deal more oxygen during the 24-hour 
testing periods than Hydropsyche. Some differences would be expected 
because of differences in average sizes of the two organisms. Since 
mortality of untreated insects never exceeded 10 percent in any in­
dividual experiment or 3 percent in any series of three experiments, 
there was no indication that oxygen deficiencies were at any time a 
factor in producing mortality of the test insects. 
The amount of chemical necessary to kill 50 percent of experimental 
animals is generally used as a basis for comparison of toxicity. One 
may simply report the concentration which was observed to kill 50 per­
cent of the subjects or may calculate a concentration which might be 
expected to produce 50 percent mortality. The latter may be done in 
several different ways (American Public Health Assoc., 1960). The method 
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of determination which is used by the Public Health Service in inter­
pretation of data derived from toxicity tests with fishes is a simple 
graphical estimation of TLm (median tolerance limit). The method is 
described briefly by the American Public Health Association (1960, 
pp. 467f) as follows: 
"The derivation of the median value by interpolation involves 
merely plotting the experimental data on semi-logarithmic paper, 
with test concentrations laid off on the logarithmic scale and 
survival percentages on the arithmetic scale. Then a straight 
line is drawn between two points representing survival percentages 
at two successive concentrations of the test series which were 
lethal to more than half and to less than half of the test . 
animals. From the point at which this line intersects the 50 
percent survival line a perpendicular drawn to the concentra­
tion coordinate indicates the TLm concentration." 
Since this graphical method uses only two points of a series which 
have been plotted for the estimation of TLm, its precision might be 
doubted. The American Public Health Association (1960, p. 470) states 
that : 
"The TLm determined may or may not closely approximate the true 
median tolerance limit for an entire population of fish under 
average conditions to be found in their natural habitat. The 
test animals used in a bioassay usually are not truly represent­
ative of an entire population with respect to size, age, environ­
mental history, and physiologic condition; and the TLm obtained 
consequently differs, more or less, from the median tolerance 
limit for the populations. However, such "inaccuracy" of a 
bioassay is not usually to be deplored." 
Recognizing the errors in estimation which are inherent in bioassay 
techniques, the author does, however, feel that utilizing only a 
fraction of the data collected in bioassay experiments might at times 
lead to large errors in estimation of a TLm and is to be deplored. A 
more sophisticated method of analysis was, therefore, employed by the 
author for estimation of TLm. Comparisons of the results from the two 
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methods are given later. 
Since the word "dose" should not be used to designate a concen­
tration in an external medium to which an organism is exposed (American 
Public Health Assoc., 1960), the TLm calculated by the latter method 
will be referred to as an LC50 (lethal concentration to 50 percent) for 
purposes of differentiation. 
The probit method outlined by Finney (1947) was employed in esti­
mation of LC50 because all the data which were collected could be used, 
and because the method permits the calculation of fiducial limits on 
LC50. LC50 was compared with TLm for each set of data to determine 
whether the shortcomings of TLm estimations were real or imagined. 
The method of computing probit analysis outlined in Appendix I of 
Finney's (1947) text was followed. As an example of the method of 
LC50 estimation, the computations involved in a single estimation 
(effects of Halathion on Hydropsyche) are reported below. 
Computations for the fitting of a probit regression equation first 
involved completion of Table 21. The correction of percent of the test 
organisms killed for three percent mortality among the controls was 
done by the simple computation 
p = P'g- 3 X 100 = 1.03p* -3.0. 
This step was not needed in series in which no untreated insects died. 
Probits corresponding to each p in Finney's Table I were entered into 
the column headed Empirical probits in Table 21. The probits were 
then plotted against x in Figure 15b (the points are represented by 
solid dots), and a provisional straight line to fit the points was 
Table 21. Computations for fitting of a probit regression equation. 
X 
Log 
dose 
n 
Insects 
per dose 
r 
No. 
dead 
P* 
Percent 
dead 
P 
Corrected 
% dead 
Empirical 
probits 
Y 
Expected 
probits 
nw y 
Working 
probits 
nwx nwy 
1.50 30 28 93 93 6.48 6.4 8.76 6.47 13.140 56.677 
1.25 30 22 73 72 5.58 5.7 15.32 5.58 19.150 85.486 
1.00 30 9 30 28 4.42 5.0 17.99 4.45 17.990 80.056 
0.75 30 5 17 15 3.96 4.3 14.14 4.01 10.605 56.701 
0.50 30 2 7 4 3.25 3.6 6.55 3.33 3.275 21.812 
0.25 30 3 10 7 3.52 2.9 1.21 4.09 0.303 4.949 
- 30 1 3 0 - - - - - -
i 
63.97 64.463 305.681 
l/*nw = 0.01563 x » 1.0077 
y = 4.7785 
% nwx^ 
71.3045 
- 64.9598 
*x2 = 6.3447 
b = 2.9257 
$xy 
% nwxy 
326.5994 
- 308.0367 
= 18.5627 
£ nwy2 
1520.2077 
- 1460.6983 
iy2 = 59.5094 
- 54.3089 
X2 = 5.2005 
(non-significant) 
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placed by eye (the solid line in Figure 15b). The values along the Y 
(probit) axis which corresponded to the level of the provisional line 
at each dosage were then entered in Table 21 in the column headed Y. 
Under the heading C = 3 (three percent mortality of controls) of 
Finney's Table II, a figure corresponding to each Y was obtained and 
was multiplied by n (= 30) to provide the figures in the column headed 
nw in Table 21. Working probits corresponding to each p and Y were 
then obtained by reference to Finney's Table IV and were entered in the 
column headed y in Table 21. Each number in the column headed nw was 
then multiplied by the corresponding number in the column headed x to 
supply the column headed nwx, and each number in the nw column was 
multiplied by the corresponding figure in the column headed y to supply 
the nwy column. The numbers in the columns headed nw, nwx, and nwy 
were added, and the sums (%) were entered in Table 21. Division of 
the sums of nwx and nwy by the sum of nw yielded S and y, respectively. 
Hie sum of nwx was squared, and the product was divided by the 
sum of nw to give 64.9598. The sum of nwx was multiplied by the sum 
of nwy, and the product was divided by the sum of nw to give 308.0367. 
The sum of nwy was squared, and the result was divided by the sum of 
nw to yield 1460.6983. All of the resultant numbers were entered in 
Table 21. Then each item in the column headed nwx was multiplied by 
each corresponding value of x, and the products were totaled to yield 
71.3045. Bach item in the column headed nwx was multiplied by each 
corresponding item in the column headed y, and the products were totaled 
to yield 326.5994. Each item in the column headed y was then multiplied 
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by each corresponding value of nwy, and the products were added to 
give 1520,2077. Again the results were entered in Table 21. The 
corrected sums of x^, xy, and y2 were obtained by subtraction of the 
correction factors from the latter three numbers as shown in Table 21. 
The slope (b) of the regression line was calculated by dividing 
18.5627 by 6.3447 and was found to be 2.9257. The regression equation 
could then be expressed as follows: 
Y = ? + b(x - 3) = 2.93x + 1.83. 
At this point, a chi-square text for homogeneity was conducted by divid­
ing the square of 18.5627 by 6.3447 and subtracting the result from 
59.5094 as in Table 21. Chi-square (5.2005) was found to be nonsigni­
ficant at the 95 percent level (chi-square for 4 degrees of freedom is 
9.5), indicating that the data were not significantly heterogeneous 
and that heterogeneity factors would not be necessary for derivation 
of variances. No significant chi-square values were encountered in 
the analysis of any of the six series of experiments. 
A 
A probit regression line was drawn by calculating values of Y for 
three arbitrarily chosen values of x by means of the regression equation, 
A 
plotting*Y against x on Figure 15b (the points are indicated by x), 
and connecting the three points with a straight line (the broken line 
on Figure 15b). 
This particular set of calculations was chosen as an example be­
cause it illustrates the correction used for mortality among control 
insects and also because of the large discrepancy between the provis­
ional line placed by eye and the calculated probit regression line in 
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Figure 15bé Mienever there is such a discrepancy that the distance 
between the lines at any place on the graph is greater than 0.2 units, 
a second series of calculations is required for adequate estimation 
of LC50. This second series was needed only in the analysis of this 
series of experiments and of the data obtained from experiments with 
Co-ral on Hexagenia. The probit regression line provides a better 
estimation of the true position of the regression line for the points 
which were plotted originally than the line placed by eye. It, there­
fore, was used as the basis for the values in the column headed Y in 
Table 22, the table of computations for the fitting of a second probit 
regression line. 
The figures in Table 22 were obtained by exactly the same pro­
cedures as were previously outlined. All figures in columns to the 
left of that headed Y are identical and were repeated only for con­
venience in calculation. The second regression equation was found 
to be 
Y = 3.13x + 1.58. 
This equation was used to calculate a second probit regression line 
(the dotted line in Figure 15b) and, since this line was very near the 
first probit regression line, for the calculation of an LC50. The log 
of IC50 may be obtained graphically or by calculating the value of x 
when Y = 5 by the regression equation. By using the regression equation, 
it was found that x = 1.092 when Y = 5. The antilog, 12.30, is the 
LC50 expressed in parts per billion. It should be obvious that this 
calculation would also be possible after the determination of the first 
Table 22. Computations for fitting of a second probit regression equation. 
X 
Log 
dose 
P 
Corrected 
% dead 
Empirical 
probits 
Y 
Expected 
probits 
nw y 
Working 
probits 
nwx nwy 
1.50 93 6.48 6.2 10.73 6.43 16.095 68.994 
1.25 72 5.58 5.5 16.68 5.58 20.850 93.074 
1.00 28 4.42 4.8 17.53 4.44 17.530 77.833 
0.75 15 3.96 4.0 11.01 3.96 8.258 43.600 
0.50 4 3.25 3.3 3.68 3.25 1.840 11.960 
0.25 7 
0 
3.52 2.6 0.39 5.36 0.098 2.090 
i 60.02 64.671 297.551 
1/^nw = 0.0166 S = 1.0775 
? = 4.9575 
$ nwx2 £ nwxy £ nwy2 
74.8730 336.8740 1531.2913 
-69.6824 -320.6084 - 1475.1182 
^x 2~ 5.1906 £xy = 16.2656 3»y 2  = 56.1731 
- 50.9709 
~XS= 5.2022 
b = 3.1337 (non-significant) 
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probit regression line. Only the first regression line was calculated 
when that line was very near the provisional line. 
The next step in the calculations was the determination of 
6 = A(b,A'2 
2 
when t = 1.96 and = 1/gx . In this case, g was found to be 0.075. 
The g values yielded by every series of computations exceeded 0.05. On 
the advice of Dr. C. P. Cox of the Iowa State University Statistical 
Laboratory, Finney's (1947) long formula for the computation of fiducial 
limits was employed. That formula may be expressed 
where m is the value of x when Y = 5 (or log LC50). By inserting the 
data given in the example above, the logarithms of the fiducial limits 
at the 95 percent level were found to be 1.0936 + .0850 or 1.0086 to 
1.1786. Antilogs of these figures (10.21 to 15.10) were the 95 percent 
fiducial limits on the LC50 expressed in parts per billion. 
Graphs illustrating the probit and graphical interpolation methods 
of estimation of TLm using the same data are presented in Figures 10 
through 15. In the lower (b) portion of each figure, the unbroken lines 
represent provisional lines, and the broken lines represent probit re­
gression lines. TLm estimates and LC50 estimates with fiducial limits 
are included on the faces of the graphs. 
In most cases the TLm value and LC50 value determined from the 
same data were very similar. In the case of the toxicity of Co-ral to 
Hexagenia. however, the TLm value was far be low the estimated LC50 
and even outside the 95 percent fiducial limits on the LC50. 
+ t 
- b (1-g) 
Figure 10a. Determination of TLm of Hexagenia naiads to Co-ral technical 
in 24 hours at 22 to 24^C. 
Figure 10b. Determination of LC50 of Hexagenia naiads to Co-ral technical 
in 24 hours at 22 to 24°C. The solid line represents the 
provisional line, and the broken line represents the first 
probit regression line. 
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Figure lia. Determination of TLm of Hexagenia naiads to Dylox technical 
in 24 hours at 16 to 25°C, 
Figure lib. Determination of LC50 of Hexagenia naiads to Dylox technical 
in 24 hours at 16 to 25°C. The solid line represents the 
provisional line, and the broken line represents the probit 
regression line. 
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Figure 12a, Determination of TLm of Hexagenia naiads to Malathion 
technical in 24 hours at 23 to 25%. 
Figure 12b. Determination of LC50 of 
technical in 24 hours at 
the provisional line and 
Hexagenia naiads to Malathion 
23 to 25°C. Hie solid line represents 
the first probit regression line. 
131 
HEXAGENIA-MALATHION 
3.50 
3.25 
3.00 
o. 
2.80 
2.75 
TLm = ANTILOG 2.30 = 631 ppb F 2.50 
10 20 30 40 50 60 70 80 90 100 
PERCENT MORTALITY 
7.0 
6.5 
_i 
_i 
* 6.0 
u. 
O 
2nd LINE NEARLY 
IDENTICAL TO 1st 
t 5.5 
m 
o 
o: 
5.0 LC50 = ANTILOG 2.80 =631 ppb 
95% FIDUCIAL LIMITS = 429 TO 834ppb 
4.5 
4.0 
2.25 2.50 2.75 2.799 3.0 3.25 3.50 3.75 4.0 4.25 
LOGARITHM OF ppb CONCENTRATION 
Figure 13a. Determination of TLm of Hydropsyche larvae to Co-ral 
technical in 24 hours at 22 to 24°C. 
Figure 13b. Determination of LC50 of Hydropsyche larvae to Co-ral 
technical in 24 hours at 22 to 24UC. The solid line 
represents the provisional line, and the broken line 
represents the first probit regression line. 
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Figure 14a, Determination of TLm of Hydropsyche larvae to Dylox technical 
in 24 hours at 21 to 22%. 
Figure 14b. Determination of LC50 of Hydropsyche larvae to Dylox technical 
in 24 hours at 21 to 22%. The solid line represents the 
provisional line, and the broken line represents the first 
probit regression line. 
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Figure 15a Determination of TLm of Hydropsyche larvae to Malathion 
technical in 24 hours at 22 to 25°C. 
Figure 15b. Determination of LC50 of Hydropsyche larvae to Malathion 
technical in 24 hours at 22 to 25%. The solid line represents 
the provisional line, the broken line represents the first 
probit regression line, and the dotted line represents the 
second probit regression line. 
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A rather wide confidence interval could also be expected because of 
the great range of concentrations employed in the experiments involved. 
Because of an unusual pattern in the percentage of the insects killed by 
concentrations between 320 and 10000 ppb, however, the graphical inter­
polation method resulted in a much lower estimate of TLm than that obtain­
ed by the use of all of the data. In this one case out of six, the 
TLm and LC50 values derived by the two different methods were found to 
be significantly different. 
Comparison of this information regarding insects with that pre­
sented by Pickering, et al. (1962) and Henderson, et al. (1960) indi­
cates that bluegills are likely to be affected at lower concentrations 
of technical Malathion than Hexagenia (Table 23). Bluegills are the 
fish used for comparison, since they have been found to be the most 
sensitive of warmwater fishes tested (Pickering, et al., 1962). Al­
though no precise comparisons may be made without a knowledge of slopes 
of regression lines, a few conclusions are obvious from the table. 
Hydropsyche larvae were more sensitive than Hexagenia naiads to all of 
the compounds tested. There is also evidence that Co-ral and Dylox can 
be considered good prospects for field tests involving caddisfly larvae. 
On the basis of the data reported, Hydropsyche were about 280 times more 
sensitive to a 24-hour exposure to Co-ral technical and approximately 
700 times more sensitive to a 24-hour exposure to Dylox technical than 
bluegills. Henderson and Pickering (1958, p. 49), in discussing 
toxicity of organic phosphorus insecticides, state that: 
Table 23. Comparison of the toxicity of technical Co-ral, Dylox, and Malathion to bluegills, 
Hydropsyche. and Hexagenia. 
24-hour TLm (ppm active ingredient) 96-hour TLmb 
Chemical Hydropsyche Hexagenia Bluegills Bluegills 
Co-ral 0.005 0.42 1.4a 0.18 
Dylox 0.017 0.91 12b 3.8 
Malathion 0.011 0.60 0.14b 0.09 
aData from Henderson, et al. (1960) 
^Data from Pickering, et al. (1962) 
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"The TLm values given in this paper should in no manner be 
construed as safe concentrations for aquatic life. These values 
are concentrations of insecticides which will kill 50 percent 
of a moderately sensitive warm water fish upon relatively short 
time exposure. These values may serve, however, as a comparison 
to obtain the relative toxicity of members of a group of com­
pounds having similar physiological effects. On the basis of 
the limited knowledge available, it may be expected that a safe 
concentration for the test fish would be approximately 1/2 of 
this value while a safe concentration for all aquatic life may 
be as little as 1/10 depending on the kind of fish and other 
organisms as well as physical and chemical conditions of the 
receiving water," 
The data reported here are likewise not indicative of concentrations 
which would be effective in field experimentation. They do, however, 
indicate a large toxicity differential between fishes and caddisfly 
larvae with two of the three insecticides tested. It appears that 
much less than one-tenth the TLm value to fishes could be utilized in 
the field and still be effective against Hydropsyche larvae. 
The difference in the toxicity of Malathion to bluegills and 
Hydropsyche is not large enough to recommend Malathion for use below 
the dam. Differences between the TLm of bluegills and Hexagenia to 
each of the insecticides tested are also not sufficient to suggest 
their use in field tests above the dam. Dylox shows most promise for 
field tests with Hexagenia. since it appears to be about 13 times more 
toxic to Hexagenia naiads than to bluegills after 24-hours. Its high 
solubility in water might, however, introduce additional problems of 
application. 
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DISCUSSION 
On the basis of the results presented above, it is concluded that 
toxicity experiments involving larval caddisflies should be continued 
with either Co-ral or Dylox. The author can now recommend that labora­
tory experiments be conducted under simulated natural conditions in large 
lotie aquaria containing caddisflies and other significant aquatic 
organisms. These experiments could provide most valuable information 
if provision were made for a constant flow of fresh water through the 
aquaria to more closely approximate conditions in the river. Bioassays 
as performed by the author should be conducted with other species of 
nuisance caddisflies and with other benthic organisms which occur in 
association with caddisflies below the dam. To conserve time, however, 
careful observations could be made in the proposed large-scale labora­
tory experiments to simply indicate whether other organisms might be ex­
pected to be more susceptible to intoxication than caddisflies. If 
large-scale laboratory tests prove successful (if caddisfly larvae are 
the only major elements of aquatic life likely to be seriously affected), 
field experimentation may safely commence. The procedure outlined here 
may seem lengthy and perhaps unnecessary. If, however, extensive aquatic 
insect control were ever seriously attempted in the future, all of these 
considerations would need to be made. We can only hope to anticipate 
possible methods of control, and try to explain the effects they could 
be expected to produce. 
Since Hexagenia naiads seemed nearly as tolerant as fishes to the 
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chemicals used by the author, it seems advisable to recommend additional 
laboratory research geared toward the discovery of a chemical which 
exhibits a greater degree of selective toxicity to Hexagenia. Such re­
search may, of course, occupy a considerable period of time. Among the 
questions which have not been answered by this research is whether mayfly 
naiads might be more or less susceptible to a chemical when in their 
mud burrows at the river bottom. Arguments may be presented on both 
sides of the question. Naiads would be under much less favorable con­
ditions with regard to dissolved oxygen in their natural habitat and 
might, therefore, be less tolerant to the insecticide. They live in 
thèse conditions normally, however, and probably function better than 
when obliged to swim freely in a glass jar. There is also a possibility 
that the high organic matter content of the bottom sediments might 
interfere with the action of the toxicant. The author attempted to 
partially resolve this problem by pilot experiments involving five 
naiads per toxicant concentration. A volume of 500 ml of strained 
and settled river mud was added to each 2-quart glass jar, and river 
water was added above the mud. Naiads were added and allowed to 
burrow into the mud at the bottom of the jars. Malathion was then 
added to produce a final volume of 1 liter of suspension and the de­
sired parts per million concentration above the mud in each jar. Con­
centrations between 0.1 and 100 ppm were employed in the experiments. 
The contents of the jars were strained after 24 hours, and naiads were 
placed in fresh water to determine the effects of the toxicant. The 
experiments indicated that the 24-hour median tolerance limit of 
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Hexagenia naiads in mud to Ma lathi on technical would not be greatly 
different (between 0.10 and 1.0 ppm) from their median tolerance limit 
in well-aerated river water alone. More research on this aspect is 
sorely needed before field experimentation begins. Laboratory tests 
on a larger scale under simulated natural conditions should also be 
conducted with Hexagenia after a suitable toxicant has been selected. 
As of the present time, Dylox appears to be the best of the in­
secticides used by the author for consideration in further experiments 
with mayfly naiads. Lev/alien and Brydon (1958) reported the use of 
Dylox-impregnated granules in mosquito control experiments. They found 
that Odonata, Gambusia. and giant water bugs were not killed by 1.0 
pounds per acre. Unidentified mayflies and the mosquitoes in the same 
marshes were killed, however, by disseminations of 0.5 pounds per acre. 
One of the important basic questions asked in the introduction to 
this paper involved the rate at which the chosen insecticide should be 
applied. This suggests another important consideration for field ex­
perimentation in the Keokuk area; namely, the method of application 
which would be most suitable. Fremling (1960a and 1960b) recommended 
the use of a granular insecticide in the control of both mayflies and 
caddisflies, and this method appears to be the most likely to succeed. 
Fremling (1960b) noted that Hydropsyche orris larvae in lotie aquaria 
actively struggled to remove bits of dry dog food from their nets and 
suggested that similar struggles with DDT-impregnated granules would 
lead to their demise. It also appears that granular insecticides are 
one of the few possibilities of delivering an effective concentration 
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of toxicant to the river bottom either above or below the dam. 
Whitehead (1951) experimented with impregnation of clay pellets 
with insecticides in an attempt to better control mosquito larvae in 
rice fields. Since his experiments, similar techniques have been 
applied by several other authors (Keller, et al,, 1954; Labrecque, 
et al,, 1956; Lewallen and Brydon, 1958) in efforts to introduce 
toxicants through thick stands of vegetation. 
Labrecque, et al. (1956) experimented with several types of carriers 
against mosquitoes and found attapulgite, bentonite, diatomite, and 
pyrophyllite to be of about equal effectiveness at the highest con­
centrations used (1.0 ppm). Granules were impregnated by soaking in 
acetone solutions of toxicants in such a way that the granules con­
tained approximately one percent of the toxicant. Because attapulgite 
and bentonite mixtures had commonly been used, they attempted to find 
an ideal mixture. It was found that the ratio of attapulgite to 
bentonite had no influence on the effectiveness of the granules. Their 
experiments indicated that, of 25 insecticides tested against mosquitoes, 
Parathion, EPN, and Bayer 21/199(Co-ra1) were most effective. They also 
found that the size of granules employed and the solvent used to im­
pregnate granules made no difference in the effectiveness of the carriers. 
Because Co-ra1 has been shown to be effective when used in this type of 
formulation, it might be advisable to employ it in proposed laboratory 
experiments. 
American Cyanamid Co. prepared a 10 percent granular formulation 
of Malathion based on sand for the author, before bioassays were under­
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taken. Although Malathion cannot now be recommended for further ex­
perimentation, the idea shows great promise. Heavy sand-based granules 
would effectively sink to the bottom and deliver the toxicant to the 
mayflies or caddisflies. A relatively high concentration could thereby 
be applied to the river bottom as the granules released their toxicant, 
while lesser concentrations (because of diffusion accompanied by 
dilution) would reach the upper strata of the water. Attapulgus clay 
was also obtained from Minerals and Chemicals Corp. of America for 
experimentation with other chemicals. Time has not permitted the use 
of impregnated sand- or clay-based granules in laboratory experiments, 
but their use is recommended in future aquarium studies. 
The rate at which granules should be applied to aquaria in later 
laboratory tests can be roughly estimated by the use of the author*s 
bioassay data. Refinement of these estimates may be made after more 
intensive laboratory experiments. Aquarium tests should provide data 
needed to estimate the. weight of granules that should be disseminated 
per unit area of river surface in field tests. The rate of application 
which will be effective in the river will probably be derived only after 
some experience in the field. The results of the present author's 
bioassay experiments should certainly not be construed as indicative 
of concentrations which could effectively be applied in the field. 
Bioassays have been conducted only to indicate which chemicals might 
give rise to the most profitable results in future research efforts. 
The author does not mean to suggest by this dissertation that 
attempts should be made to chemically eradicate either immature mayflies 
146 
or caddisflies. At the present time, many facts indicate that it would 
be neither practical nor advisable. The cost of a control program such 
as that suggested by Dr. Fremling would be enormous and probably pro­
hibitive. The data regarding the utilization of mayflies and caddisflies 
by fishes as presented by Hoopes (1960) do not include information on 
many important fishes in the Keokuk area. Information now available 
to Thomas Wenke, who has conducted a more intensive food-habits study 
near Keokuk during the last three years, indicates that caddisflies, 
as well as mayflies, are important sources of food for many species of 
fishes. Caddisfly adults and larvae have been found to be especially 
important in the diets of minnows. Starrett (1950) indicated the im­
portance of hydropsychid caddisfly larvae to several species of minnows. 
Any widespread attempt to control either mayflies or caddisflies would 
undoubtedly result in upset of the biological balance. It is hoped 
that field experiments will determine the probable consequences of 
insect exterpation more exactly. 
The ecological review of the organisms encountered above Dam 19 
suggests that few benthic organisms would be directly affected if 
selective chemical removal of mayflies on experimental plots in the 
study area were attempted. The chief predators of the mayflies, the 
fishes, would probably be the only organisms to be directly affected. 
The loss to these fishes of an important constituent of their diets 
would, however, undoubtedly affect many benthic organisms. It is ex­
pected that fish prédation on other forms would be greatly increased. 
Removal of mayfly naiads from experimental plots would almost surely be 
147 
immediately followed by repopulation by naiads from adjacent areas. 
There is a possibility, however, that the vacated habitat might quickly 
be inhabited by midges or other short-lived organisms Which could 
retain dominance in the area. If mayfly naiads were removed from 
extensive areas, we might also expect that the fish parasite Megalogonia 
ictaluri. which utilizes Sphaerium and Hexagenia as intermediate hosts, 
would be eliminated, Sphaerium populations would probably be favored 
by the loss of the parasites. It has been demonstrated (Johnson and 
Munger, 1930; Richardson, 1928) that midges may replace burrowing 
mayflies when conditions become unfavorable to the latter. Widespread 
eradication of mayflies in the Keokuk area might similarly lead to an 
excessive abundance of midges, which can also become a nuisance. 
Johnson (1929), in his studies of Lake Pepin, observed that : 
"Up to ten years before, large mayflies had occurred commonly 
around this lake and the midges had not been noticed. With the 
appearance of the midges in numbers the mayflies had practically 
disappeared. The midges were considered much the more object­
ionable." 
As yet, the normal populations of plankton organisms near Keokuk have 
not been studied as a part of the present research. Additional research 
in this area is advisable before experiments begin, in order that the 
effects of treatment may be more fully determined. 
Dr. Fremling's (1960a) concern about the danger to man from the 
use of treated water is not without justification, Weiss (1959, p. 580) 
stated that : 
"Introduction of toxic substances into the aquatic environment is 
not only a problem concerned with the immediate effect on the 
organisms living in this environment, but of the potential hazard 
to those who might consume the contaminated water." 
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In the use of organic phosphorus insecticides, the danger of human 
poisoning would probably be minimized. As has been stated, compounds 
of this type are usually quickly detoxified in water. The amount of 
insecticide necessary for field experiments on a few tenth-acre plots 
would not be sufficient to endanger human populations because of 
dilution by millions of gallons of water. Even in an extensive control 
effort, such problems are unlikely to arise if only the river bottom 
were exposed to sufficient toxicant to remove insects. Nicholson 
(1959a, p. 984) stated that: 
"Generally speaking, it may be concluded that if insecticides are 
not present in a stream or lake in sufficient quantities to 
kill fish, there will be no significant public health hazard due 
to insecticides in drinking water from these sources." 
In matters in which human lives might be at stake, however, there is 
certainly no room for generalizations. Extensive dissemination of 
pesticides in bodies of water from which water is withdrawn for human 
consumption is unwise. It will remain so until far more is known of the 
possible consequences. Studies on mammalian toxicology, effectiveness 
of water treatment processes in removal of insecticides, and methods 
of identifying toxicants in water are now in progress at the Robert A. 
Taft Sanitary Engineering Center at Cincinnati, Ohio (Henderson, et al., 
1960). 
149 
SUMMARY 
This study was initiated in 1960 to determine the possible effects 
of chemical removal of immature mayflies and caddisflies from the 
Mississippi River near Keokuk, Iowa. 
Mayfly populations throughout Pool 19 were estimated by collection 
of naiads in the upper, middle, and lower portions of the pool and were 
found to be much greater in i960 than they had been in 1959 when 3.5 
billion was the maximum estimate. In 1961, populations again appeared 
to be lower. Estimations indicated that approximately 19 billion and 
7 billion naiads were present in the pool before the major emergences 
in 1960 and 1961, respectively. Habitat was destroyed, and mayfly 
naiads probably were washed downstream by floods in upper Pool 19 in 
the spring of 1960. In 1961, mayfly populations in the lower part of 
the pool were low. 
To determine what benthic organisms were associated with mayfly 
and caddisfly populations, benthos collections were made above and 
below Dam 19 during the summers of 1960 and 1961, Only the results 
of sampling above the dam are presented herein. Collections were made 
from eight sampling locations along the Illinois shore of the Mississippi 
above Dam 19 at which water depths ranged from about 4 to 8 feet and 
the bottom sediments consisted of rich organic mud. No significant 
difference was found in the numbers of organisms collected after sift­
ing Elcman dredge contents through 20- and 40-mesh screens. A total of 
1,280 individually-preserved dredge samples were collected in 1960, 
and 192 were taken in 1961. 
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The community present in the study area represents the climax 
characteristic of large rivers. Only annelids, arthropods, and molluslcs 
were frequently collected. Hexagenia spp,, Sphaerium transversum. 
Campeloma spp., Lioplax subcarinata. oligochaetes, and larvae of 
several species of chironomid flies were the organisms collected most 
frequently and in greatest numbers. Somatogyrus depressus and Oecetis 
sp. b were also abundant at various times. Taking all sampling areas 
and dates into consideration, an average of 272 organisms of all kinds 
was collected per square foot at the study area. The average numbers 
were primarily dependent upon the numbers of finger-nail clams which 
were collected. Sphaerium transversum was the most abundant organism 
in the study area, and was the only organism collected at every samp­
ling area on each collection date. Hexagenia naiads were the most 
abundant insects at all locations in 1960. Tendipes plumosus became 
the most abundant insect in 1961 at the part of the study area nearest 
Dam 19. The most abundant insect species were more numerous in June 
than in July or August. As they emerged throughout the summer months, 
other elements of the benthos became more abundant. Several organisms 
were more abundant in 1961, when mayfly populations were low, than in 
1960. A nutrient and energy flow diagram was prepared to show the 
probable roles of various organisms in the ecology of the study area. 
Major elements of the benthos of Pool 19 apparently have changed 
very little in the last 30 years. The benthic community of the study 
area seems more similar to certain areas of the pre-pollution Illinois 
River than to other areas with which comparison was possible. The degree 
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of pollution in the study area apparently permits success of both pollu­
tion-tolerant and cleaner-water species. 
Since no information was available on the relative toxicity of 
modern insecticides to the major elements of the aquatic environment, 
a procedure for bioassays involving immature mayflies and caddisfliés 
was devised. Techniques for successfully transporting, storing, and 
handling immature insects were also devised. Caddisfly larvae were found 
to be more sensitive to handling than mayfly naiads. 
Advice from university entomologists and representatives of chemical 
corporations, as well as a literature review, indicated that organic 
phosphorus insecticides could most safely be used in the river. Caddis-
fly larvae were killed by concentrations of Dylox and Co-ral at levels 
low enough to provide safe treatment without killing fish, but the margin 
with Malathion was only about 13 to 1. The small differences in the 
toxicity of Dylox, Co-ral, and Malathion to mayfly naiads and to fishes 
indicated that the search for a chemical with a greater degree of se­
lective toxicity to mayflies should be continued. Mayfly naiads were 
found to be rather tolerant to the chemicals used in bioassays, and, 
since they often remained capable of movement even in high concentrations 
of toxicants, it was necessary to exercise judgement as to their ability 
to recover. A wider range of concentrations of each insecticide was 
needed to produce mortalities between 0 and 100 percent with mayflies 
than with caddisflies. Mayfly naiads consumed more oxygen than caddis-
flies during the 24-hour testing periods. 
Further studies on the microscopic flora and fauna of Pool 19, on 
the toxicity of various chemicals to mayflies in their burrows, and on 
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the effects of toxicants applied to small plots in the river itself 
are suggested. Additional laboratory toxicity experiments involving 
larval caddisflies under simulated natural conditions are recommended 
before toxicants are applied to experimental plots in the river itself. 
Insecticide-impregnated granules are suggested for delivery of toxicants 
to the bottom in future laboratory and field experiments. Attempts at 
widespread control of either mayflies or caddisflies are not recommended 
at this time because of potential danger to human populations and the 
likelihood of disturbance of the biological balance. 
153 
LITERATURE CITED 
Adams, L., M. G. Hanavan, N. W. Hosley, and D. W. Johnston. 
1949. The effects on fish, birds, and mammals of DDT used in control 
of forest insects in Idaho and Wyoming. Journal of Wildlife 
Management 13: 245-254. 
American Public Health Association, American Water Works Association, and 
and Water Pollution Control Federation. 
i960. Standard methods for examination of water and waste water in­
cluding bottom sediments and sludges. New York, N. Y., 
American Public Health Association, Inc. 
Anonymous 
1955. Duration of toxicity of malathion. Progressive Fish-Culturist 
17: 161. 
Baker, F. C. 
1918. The productivity of invertebrate fish food on the bottom of 
Oneida Lake with special reference to mollusks. Syracuse 
University, New York State College of Forestry, Technical 
Publication 9. 
f 
. ! 
1928a. The fresh water Mollusca of Wisconsin. I. Gastropoda. 
Wisconsin Geological and Natural History Survey Bulletin 70, 
No. 1: 1-507. 
1928b. The fresh water Mollusca of Wisconsin. II, Pelecypoda. 
Wisconsin Geological and Natural History Survey Bulletin 70, 
No. 2: 1-495. 
Baker, J. H. 
1958. The greatest threat to life on earth. Outdoor America 23, 
No. 6: 4-5. 
Behning, A. 
1928. Das Leben der Wolga. Die Binnengewasser 5: 1-162. 
Berner, L. M. 
1951. Limnology of the Lower Missouri River. Ecology 32: 1-12. 
Boisen-Bennike, S.A. 
1943. Contributions to the ecology and biology of the Danish fresh­
water leeches (Hirudinea). Folia Limnologica Scandinaviea 
2: 1-109. 
154 
Burks, B. D. 
1953. The mayflies, or Bphemeroptera, of Illinois. Illinois Natural 
History Survey Bulletin 26: 1-216, 
Byrd, I, B. 
1959. What are the side effects of the imported fire ant control 
program? Seminar on Biological Problems in Water Pollution 
Transactions 2: 46-50. . 
Carlson, C. A. 
1960. Abundance of mayfly naiads (Hexagenia spp.) in Pool 19, Upper 
Mississippi River. Unpublished M.S. thesis. Ames, Iowa, 
Library, Iowa State University of Science and Technology. 
Carson, R, 
1962. Silent Spring. Boston, Mass., Houghton Mifflin Co. 
Clements, F. E. and V. E. Slielford. 
1939. Bio-ecology. New York, N. Y., John Wiley and Sons, Inc. 
Corbet, P. S. 
1962. A biology of dragon flies. London, England, H, F, and G 
Witherby, Ltd. 
Cronk, M, W. 
1932. The bottom fauna of Shakespeare Island Lake, Ontario. University 
of Toronto Studies, Biological Series 36: 31-65. 
Curry, L. L. 
1961. A key for the larval forms of aquatic midges (Tendipedidae: 
Diptera) found in Michigan. Manuscript presented at the Midwest 
Benthological Society, Whitewater, Wis., April 6-7, 1961. Mt. 
Pleasant, Mich., Biology Department, Central Michigan University. 
Darby, R. E, 
1962. Midges associated with California rice fields, with special 
reference to their ecology (Diptera: Chironomidae). 
Hilgardia 32, No, 1: 1-206. 
Davis, K. C. 
1903, Aquatic insects in New York State, VII, Sialididae of North 
and South America, New York State Museum Bulletin 68: 442-486, 
Denham, S, 
1938, A limnological investigation of the west fork and common branch 
of White River. Indiana Department of Conservation, Division 
of Fish and Game, Investigations of Indiana Lakes and Streams 5. 
DeWitt, J. W. 
1957. Mortality of aquatic insects and fishes caused by the use of 
latex tubing in experimental apparatus. Science 126: 840. 
155 
Dolphin, R. E. and R. N. Peterson. 
1960. Developments in the research and control program of the 
Clear Lake gnat Chaoborus astlctopus. D. and S. Conference 
of the California Mosquito Control Association Proceedings 
and Papers 28: 90-94. 
Dorris, T. C. 
1956. Limnology of the Middle Mississippi River and adjacent waters. 
II. Observations on the life histories of some aquatic 
Diptera. Illinois State Academy of Science Transactions 48: 
27-33. 
1958. Limnology of the Middle Mississippi River and adjacent waters. 
Lakes on the leveed floodplain. American Midland Naturalist 
59: 82-110. 
Douderoff, P., B. G. Anderson, G. E. Burdick, P. S. Galisoff, W. B. Hart, 
R. Patrick, E. R. Strong, E. W, Sfcirber, and W. M. VarHorn. 
1951. Bioassay methods for the evaluation of acute toxicity of 
industrial wastes to fish. Sewage and Industrial Wastes 23: 
1380-1397. 
Downs, W. G. 
1943. Polyvinyl alcohol: a medium for mounting and clearing biological 
specimens. Science 97: 539-540. 
DuBois, K. P., J. Doull, J. Deroin, and 0. K. Cummings. 
1953. Studies on the toxicity and mechanism of action of some new 
insecticidal thionophosphates. American Medical Association 
Archives of Industrial Hygiene and Occupational Medicine 
8: 350-358. 
Ellis, M. M. 
1931. A survey of conditions affecting fisheries in the upper 
Mississippi River. U. S. Bureau of Fisheries, Fisheries 
Circular 5. 
1937. Detection and measurement of stream pollution. U. S. Bureau 
of Fisheries Bulletin 48: 365-437. 
Ellis, R. J. 
1961. A life history study of Asellus intermedins Forbes. 
American Microscopical Society Transactions 80: 80-102, 
Finney, D. J. 
1947. Probit analysis; a statistical treatment of the sigmoid 
response curve. Cambridge, England, University Press. 
156 
Fremling, C. R. 
1959. Biology and possible control of economically important 
Trichoptera and Ephemeroptera of the Upper Mississippi River. 
Unpublished Ph.D. Dissertation. Ames, Iowa, Library, Iowa 
State University of Science and Technology, 
1960a. Biology of a large mayfly, Hexagenia bilineata (Say), of the 
Upper Mississippi River, Iowa Agricultural and Home Economics 
Experiment Station Research Bulletin 482, 
1960b, Biology and possible control of nuisance caddisflies of the 
Upper Mississippi River, Iowa Agricultural and Home Economics 
Experiment Station Research Bulletin 483, 
1961, Screened pail for sifting bottom-fauna samples. Limnology 
and Oceanography 6: 96, 
Geisler, F. S, 
1944. Studies on the post-embryonic development of Hyalella azteca 
(Saussure). Biological Bulletin 86: 6-22. 
Gersbacher, W. E. 
1937, Development of stream bottom communities in Illinois, 
Ecology 18: 359-390, 
Gray, P. 
1954, The microtomists formulary and guide. New York, N. Y., 
The Blakiston Co., Inc. 
Hauber, U. A. 
1944. Life histories and ecology of Iowa midges (Tendipedidae). 
I. The genus Tanytarsus. Iowa Academy of Science Proceedings 
51: 451-461. 
1945. Tanypodinae of Iowa (Diptera). I. The genus Pentaneura 
Philippi (Tanypus). American Midland Naturalist 34: 496-503. 
Henderson, C. and Q. H. Pickering. 
1958. Toxicity of organic phosphorus insecticides to fish. 
American Fisheries Society Transactions 87: 39-51, 
. Q, H. Pickering, and C. M. Tarzwell. 
1959. Relative toxicity of ten chlorinated hydrocarbon insecticides 
to four species of fish. American Fisheries Society Transactions 
88: 23-32, 
157 
. Q. H, Pickering, and C. W. Tarzwell. 
1960. The toxicity of organic phosphorus and chlorinated hydrocarbon 
insecticides to fish. Seminar on Biological Problems in 
Water Pollution Transactions 2: 76-88. 
_________ and C. M. Tarzwell. 
1957. Bioassays for control of industrial effluents. Sewage and 
Industrial Wastes 29: 1002-1017. 
Hennig, W. 
1948. Die Larvenformen der Diptcren. Berlin, Germany, Acadenie-
Verlag. 
Hoffman, C. H. 
1959a Are the insecticides required for insect control hazardous 
to aquatic life? I. Agricultural Chemicals 14, No. 6: 34-36, 
111, 113. 
1959b. Are the insecticides required for insect control hazardous 
to aquatic life? II. Agricultural Chemicals 14, No. 7: 
41-43, 89. 
1959c. Are the insecticides required for insect control hazardous to 
aquatic life? III. Agricultural Chemicals 14, No. 8: 
41-42, 99-100. 
Hoffman, It. A. 
1957. Toxicity of three phosphorus insecticides to cold water game 
fish. Mosquito News 17: 213. 
Hoopes, D. T. 
1959. Utilization of mayflies and caddis flies by some Mississippi 
River fishes. Unpublished M.S. thesis. Ames, Iowa, Library, 
Iowa State University of Science and Technology. 
1960. Utilization of mayflies and caddis flies by some Mississippi 
River fishes. American Fisheries Society Transactions 89: 
32-34. 
Hunt, B. P. 
1953. The life history and economic importance of a burrowing 
mayfly, Hexagenia JLimbata, in southern Michigan lakes. 
Michigan Department of Conservation, Institute for Fisheries 
Research Bulletin 4. 
158 
Imms, A. D. 
I960. A general textbook of entomology. Revised by 0. W. Richards 
and R. G. Davies. New York, N. Y., E. P. Button and Co., Inc. 
James, M. T. 
1959. Diptera, In Edmundson, W. T., ed. Fresh-water biology. 
2nd ed, pp. 1057-1079. New York, N. Y., John Wiley and Sons, 
Inc. 
Johannsen, 0. A. 
1934. Aquatic Diptera. I. Nemocera, exclusive of Chironomidae 
and Ceratopogonidae, New York (Ithaca) Agricultural Experiment 
Station Memoir 164, 
1935, Aquatic Diptera. II. Or th or rhapha-Br achyc e r a and 
Cyclorrhapha. New York (Ithaca) Agricultural Experiment 
Station Memoir 177. 
1937. Aquatic Diptera. III. Chironomidae: subfamilies 
Tanypodinae, Diamesinae, and Orthocladiinae. New York (Ithaca) 
Agricultural Experiment Station Memoir 205. 
Johnson, M. 5. 
1929. Some observations on chironomid larvae and their usefulness 
as fish food. American Fisheries Society Transactions 59: 
153-157. 
1933. Preliminary report on some Minnesota lakes and their 
productiveness of fish food. Minnesota Agricultural 
Experiment Station, Technical Bulletin 90. 
________ and F. Munger. 
1930. Observations on excessive abundance of the midge Chironomus 
plumosus at Lake Pepin. Ecology 11: 110-126. 
Johnson, R. F, 
i960. Assimilation of radioactive phosphorus in Hyalella azteca. 
Unpublished M.S. thesis. Ames, Iowa, Library, Iowa State 
University of Science and Technology, 
Jonasson, P. M. 
1948, Quantitative studies of the bottom fauna. Folia Limnologica 
Scandinavica 4: 204-284, 
Juday, C. 
1921, Observations on the larvae of Corethra punctipennis Say. 
Biological Bulletin 40: 271-286. 
159 
Keller, J. C., H. C. Chapman, and G. C. Labrecque. 
1954. Tests with granulated insecticides for the control of salt-
marsh mosquito larvae. Mosquito News 14: 5-9. 
Labrecque, G. C., J. R. Noe, and J. B. Gahan 
1956. Effectiveness of insecticides on granular clay carriers 
against mosquito larvae. Mosquito News 16: 1-3. 
Leathers, A. L. 
1922. Ecological study of aquatic midges and some related insects 
with special reference to feeding habits. U. S. Bureau of 
Fisheries Bulletin 38. 
Leech, H. B. and II. P. Chandler. 
1956. Aquatic Coleoptera. In Usinger, R. L., ed. Aquatic insects 
of California with keys to North American genera and 
California species, pp. 293-371. Berkeley, Calif., University 
of California Press. 
Leonard, J. W. 
i960. Caution - pesticides. Michigan Conservation 39, No. 2: 33-37. 
Lewallen, L. L. and H. W. Brydon. 
1958. Field tests with organophophate granular insecticides against 
mosquito larvae in Lake County, California. Mosquito News 
18: 21-22. 
Lindquist, A. W., A. R. Roth, and J. R. Walker, 
1951. Control of the Clear Lake gnat in California. Journal of 
Economic Entomology 44: 572-577. 
Linduslca, J. P. 
1948. Insecticides versus wildlife. North American Wildlife Conference 
Transactions 13: 121-128. 
Lublcin, V. and M. Carsten. 
1942. Elimination of dehydration in histological technique. Science 
95: 633-634. 
Marchand, W. 
1920. The early stages of the Tabanidae (horse-flies). Rockefeller 
Institute for Medical Research Monograph 13: 1-203. 
Martin, A. C., II. S. Zim, and A. L. Nelson. 
1951. American wildlife and plants. New York, N. Y., McGraw-Hill 
Book Co., Inc. 
Metcalf, R. L. 
1955. Organic insecticides, their chemistry and mode of action. 
New York, N. Y., Interscience Publishers, Inc. 
160 
Miller, J. A. 
1929. The leeches of Ohio. Ohio State University, Franz Theodore 
Stone Laboratory Contribution 2: 2-38. 
Miller, R. B. 
1941. A contribution to the ecology of the Chironomidae of 
Costello Lake, Algonquin Park, Ontario. University of 
Toronto Studies, Biological Series 49: 1-63. 
Morgan, A. H. 
1913. A contribution to the biology of mayflies. Entomological 
Society of America Annals 6: 371-413. 
Mundie, J. H. 
1957. The ecology of Chironomidae in storage reservoirs. Royal 
Entomological Society of London Transactions 109(5): 149-232. 
Neave, F. 
1932. A study of the mayflies Q-Iexagenia) of Lake Winnipeg. 
Contributions to Canadian Biology and Fisheries, New Series, 
7: 179-201. 
Needham, J. G., J. R. Traver, and Y. Hsu. 
1935. The biology of mayflies, Ithaca, N. Y., The Comstock 
Publishing Co., Inc. 
________ and M. J. Westfall, Jr. 
1955. A manual of the dragonflies of North America (Anisoptera). 
Berkeley, Calif,, University of California Press. 
Neglierbon, W. 0, 
1959. Handbook of toxicology. Vol. 3: Insecticides ; a compendium. 
Philadelphia, Pa., W. A,. Saunders Co. 
Nicholson, II. P. 
1959a. Insecticide pollution of water resources. American Water 
Works Association Journal 51: 981-986. 
1959b. Insecticides; agricultural usage in the southeastern states, 
Atlanta, Ga., Sanitary Engineering Services, Public Health 
Service Region IV, U.S. Department of Health, Education, 
and Welfare. Mimeo. 
Obrien, R. D. 
1960. Toxic phosphorus esters: chemistry, metabolism, and biological 
effects. New York, N. Y., Academic Press. 
161 
Paloumpis, A. A. and W. C. Starrett. 
1960. An ecological study of benthic organisms in three Illinois 
River flood plain lakes. American Midland Naturalist 64: 
406-435. 
Pennak, R. W. 
1953. Fresh-water invertebrates of the United States. New York, 
N. Y., Ronald Press Co. 
Philipson, G. N. 
1953. A method of rearing trichopterous larvae collected from swift 
flowing waters. Royal Entomological Society of London 
Proceedings Series A, 28: 15-16. 
Pickering, Q. H., C. Henderson, and A. E, Lcmke. 
1962. The toxicity of organic phosphorus insecticides to different 
species of warmwater fishes. American Fisheries Society 
Transactions 91: 175-184. 
Rawson, D. 5. 
1930. The bottom fauna of Lake Sinicoe and its role in the ecology 
of the lake. University of Toronto Studies, Biological 
Series 34. 
Richardson, R. E. 
1921a. Changes in the bottom and shore fauna of the middle Illinois 
River and its connecting lakes since 1913-1915 as a result 
of the increase, southward, of sewage pollution. Illinois 
Natural History Survey Bulletin 14: 33-75. 
1921b. The small bottom and shore fauna of the middle and lower 
Illinois River and its connecting lakes, Chillicothe to 
Grafton: its valuation; its sources of food supply; and its 
relation to the fishery. Illinois Natural History Survey 
Bulletin 13: 363-524. 
1925a. Changes in the small bottom fauna of Peoria Lake, 1920 to 
1922. Illinois Natural History Survey Bulletin 15: 327-388. 
1925b. Illinois River bottom fauna in 1923. Illinois Natural History 
Survey Bulletin 15: 391-422. 
1928. The bottom fauna of the middle Illinois River, 1913-1925; its 
distribution, abundance, valuation, and index value in the 
study of stream pollution. Illinois Natural History Survey 
Bulletin 17: 387-475. 
162 
Ross, H. H, 
1937. Studies of Ncarctic aquatic insects. I. Nearctic alder 
flies of the genus Sialis (Megaloptera, Sialidae). Illinois 
Natural History Survey Bulletin 21: 57-7o. 
1944. The caddis flies, or Trichoptera, of Illinois, Illinois 
Natural History Survey Bulletin 23(1). 
Rudd, R. L. and R. E. Gcnelly. 
1956. Pesticides: their use and toxicity in relation to wildlife. 
California Department of Fish and Game, Game Bulletin 7. 
Smith, R. F. and A. E. Pritchard. 
1956. Odonata. In Usinger, R. L., ed. Aquatic insects of California 
with keys to North American genera and California species, 
pp. 106-153. Berkeley, Calif., University of California Press. 
Snedecor, G. VJ. 
1956. Statistical methods. 5th ed. Anes, Iowa, Iowa State College 
Press. 
Springer, P. E. 
1956. Insecticides - boon or bane? Audubon Magazine 58: 128-130, 
176-173. 
Starrett, VJ. C. 
1950. Food relationships of the minnows of the Des Moines River, 
Iowa. Ecology 31: 216-233. 
Tebo, L. B. 
1955. Bottom fauna of a shallow eutrophic lake, Lizard Lake, 
Pocahontas County, Iowa. American Midland Naturalist 54: 
89-103. 
Thew, T. B. 
1956. List of the mayflies of Iowa (Ephemeroptera). Davenport 
Public Museum Quarterly 1(3): 1-6. 
Thomson, L. C. 
1937. Aquatic Diptera. V. Ceratopogonidae. New York (Ithaca) 
Agricultural Experiment Station Memoir 210: 57-80. 
van der Schalie, II. and A. van der Schalie. 
1950. The mussels of the Mississippi River. American Midland 
Naturalist 44: 448-466. 
163 
Walshe, B. H, 
1951. The feeding habits of certain chironomid larvae (Subfamily 
Tendipcdinae). Zoological Society of London Proceedings 
121: 63-79. 
Weiss, C, M, 
1959. Response of fish to sub-lethal exposures of organic phosphorus 
insecticides. Sewage and Industrial Wastes 31: 530-593. 
Welch, P. S. 
1948. Limnological methods. Philadelphia, Pa., The Blakiston Co. 
Whitehead, F. E. 
1951. Rice field mosquito control by pellet-borne insecticides. 
Arkansas Agricultural Experiment Station Bulletin 511. 
Wiebe, A. H. 
1927. Biological survey of the upper Mississippi River, with 
special reference to pollution. U. S. Bureau of Fisheries 
Bulletin 43, Part 2: 137-167. 
Wirth, W. W. a.no A. Stone. 
1956. Aquatic Diptera. In Usinger, R. L., ed. Aquatic insects 
of California with keys to North American ggnera and 
California species, pp. 372-482. Berkeley, Calif., 
University of California Press. 
Wood, K. G. 
1956, Ecology of Chaoborus (Diptera: Culicidae) in an Ontario Lake. 
Ecology 37: 639-643, 
164 
AQCNOtVLEDGMENTS 
I am grateful for this opportunity to acknowledge the assistance of 
many individuals in the planning and execution of my research, as well 
as in the preparation of this dissertation. 
Dr. Kenneth D. Car lander, my major professor, was of great assis­
tance in planning and guiding this research to its completion. His 
helpful suggestions and criticisms during the preparation of this 
dissertation are also gratefully acknowledged. 
I am also grateful to the National Science Foundation for their 
subsidization throughout my doctoral studies. A National Science 
Foundation Cooperative Fellowship provided a stipend and funds for 
expenses and equipment from June, 1960 to June, 1961. Through the re­
mainder of the duration of this study, funds were provided by National 
Science Foundation Grant G-13253. 
Mayor R. L. Loften of Keokuk, Iowa, arranged for provision of 
lodging and river transportation during the summer of 1960 at the 
expense of the city. 
In 1960 through 1962, as in previous years, personnel of Lock 19 
at Keokuk were always eager to be of assistance in any way. Mr. Donald 
Pullen, lockmaster at Lock 19, has done much to facilitate our research 
efforts. The U, S. Army Corps of Engineers again provided a building 
on Lock 19 for use as a research laboratory. The author is also indebted 
to the crew of the U. S. C. G. C. Lantana for their aid in the collection 
of caddisfly larvae from the river channel. 
Professors Paul Dahm and Harold Gunderson of the Department of 
165 
Zoology and Entomology at Iowa State University provided many invaluable 
suggestions as to the insecticides which might be used for laboratory 
testing, how they could best be obtained, and how bioassays might be 
conducted. Chemicals for use in bioassays were supplied by American 
Cyanamid Co., Chemagro Corp., Dow Chemical Co., Rohm and Haas Co., 
Union Carbide Chemicals Co., Geigy Agricultural Chemicals, and Shell 
Chemical Co. Attapulgus clay was furnished by Minerals and Chemicals 
Corp. of America. 
Dr. C. P. Cox of the Iowa State University Statistical Laboratory 
suggested methods of calculation for the interpretation of bioassay 
results, and my fellow graduate student, Dee ICeeton, assisted from time 
to time with statistical analyses. 
Thanks are due Dr. Jean Laffoon and Dr. Martin Ulmer of the Department 
of Zoology and Entomology for their help in the identification of 
chironomids and mollusks, respectively. Most of the Mollusca encoun­
tered in benthos collections were identified by Dr. Henry van der Schalie 
of the University of Michigan Museum of Zoology and, in his absence, 
by Mr. William Heard. Chironomid larvae were identified by Dr. LaVerne 
Curry of Central Michigan University. Dr. R. 0. Brinekhurst of the 
University of Liverpool, England, provided identifications of tubificid 
worms. 
My fellow graduate students, Thomas We nice and Peter Deo Youn assisted 
in field work at Keokuk at various times. Special thanks are due 
Merlin Shoesmith, Donald Buckert, and Paul LeRoux, the undergraduate 
assistants who aided in collection of benthos. 
166 
The greatest assistance was rendered by my wife, Joan, and by my 
parents, whose help and encouragement have made my journey to and 
through graduate work possible. 
167 
APPENDIX 
Table 24. Numbers of arthropods collected per square foot at Area A. 
1960 1961 
6/15 6/21 6/27 7/5 7/12 7/19 7/25 8/1 8/8 8/15 6/9 7/12 8/28 
Hexagenia spp. 51 53 24 8 20.5 26 16 6 0.5 3.5 8 1-
Coelotanypus sp. 9.5 15 1.5 -11--- 0.5 14-4 
Cryptochirononus spp. - - 0.5 - - 1 1.5 0.5 0.5 - - - 1 
Tendipes plumosus - - 0.5 - - 0.5 - - - 0.5 67 10 9 
Stenochirononus sp. - - - - 1 1.5 0.5 - - - 11 2 14 
Polypediluiu sp. — — — — 0.5 0.5 — — — 0.5 — — — 
Pelopxa sp. — — — — — — — — — — — — 6 
Pentaneura sp. — — — — — — — — 1 — — — — 
Proc ladius sp. — ~ ~ 2 
Tan^ tarsus^  sp. — — — — 0.5 — — — — — — — — 
Unident. Chir onomidae - 0.5 - - - - - - - 1 - 1 2  
Oecetis sp. b — — — — —— — — — — — 12 1 
Gomghus sp. — — — — — — — — — — i — — 
Asellus brevicaudus 0.5 - -- -- -- -- -- -
azteca — — — — — — — — — — —  ^ — 
Table 25. Numbers of annelids and mollusks collected per square foot at Area A. 
1960 1961 
6/15 6/21 6/27 7/5 7/12 7/19 7/25 8/1 8/8 8/15 6/9 7/12 8/; 
Oligochaetes 11.5 12 9 2.5 12 9.5 13 4 21.5 13 6 5 6 
Helobdella stagnalis 
- - -
- -
-
- 0.5 0.5 
-
1 - 3 
H. nepheloidea - - - 0.5 - 0.5 0.5 1 0.5 0.5 - - 4 
Erpobdella punctata - - - - - - - 0.5 - - - - -
Unident. Hirudinea - 0.5 - - - - - - - - - - -
Sphaeriura transversum 49 67 8.5 29 26.5 28 26 30.5 33 34 373 458 140 
Campeloma sp. 0.5 - - - - - 1 - - - 1 1 -
C. decisum 2.5 7 0.5 1.5 - 1 1 - 1 0.5 - 3 3 
Viviparus intertextus - 0.5 - - - - - - - -
-
- -
Lioplax subcarinata 0.5 0.5 0.5 - - 0.5 - 0.5 0.5 0.5 1 1 7 
Soraatogryrus depressus 
- -
-
- - - - 0.5 1 0.5 1 2 -
S. subglobosus 
-
0.5 - - - - - - - - - -
-
Amnicola sp. 
-
- -
- - - - - - -
- - I 
Physa sp. 
-
-
-
- - - - - - -
- 3 4 
Anodonta sp. 
- 0.5 - - ** - 0.5 - - - - - -
TabJ.fi 26. Numbers of arthropods collected per square foot at Area AA. 
1960 ^ 1961 
6/15 6/21 6/27 7/5 7/12 7/19 7/25 8/1 8/8 8/15 6/9 7/12 8/28 
Ilexagenia spp. 67 52 43 25.5 14.5 29 16 11 6.5 6.5 1 — — 
Coelotanypus sp. 8 7.5 1 1.5 0.5 1 0.5 0.5 2 0.5 5-4 
Cryptochironomus spp. -- 2 1 0.5 3 3 1 0.5 0.5 - - 2 
Tendipes plumosus - - - - - 1 - - -  1 . 5  3 8 4  1 5  4  
Stenochironomus sp. - 0.5 0.5 2.5 2 0.5 - - - - 4 1 14 
Polypedilum sp. — — — 0.5 — — 0.5 — — — — — — 
Pclopia sp. - — — — — — 1 
Pentaneura sp. — — — — — 1 0.5 — 1.5 0.5 — — — 
Procladius sp. — — — — — 0.5 — 0.5 — — — — — 
Unident. Chironomidae - 0.5 0.5 ---ill 
P a lpomy ia sp. — — — i — — — — — — ^ — ^ 
Oecetxs sp. b — — — ^ — ^ — — 23 2 
Caenis sp. — ^ — ^ — ^ — — 
Gomphus sp. — — — — — 0.5 — 
Ischnura sp. — — — — — — i 
C or îxidae — — — — — — — 
Hya le 1 la azteca — — — — — — — — — — — 
1 
Table 27. Numbers of annelids and mollusks collected per square foot at Area AA. 
1960 1961 
6/15 6/21 6/27 7/5 7/12 7/19 7/25 8/1 8/8 8/15 6/9 7/12 8/2 
Oligochaetes 9.5 12 4 2.5 10.5 10 7.5 7.5 14.5 11.5 16 2 4 
Helobdella stagnalis - - - 0.5 - - - - 0.5 - 1 — 6 
II. nephe loidea 0.5 - - - 0.5 1 - 2 0.5 0.5 - 4 
Erpobdella punctata 
-
0.5 0.5 0.5 - - - - - - - — — 
Unident. Hirudinea - 0.5 - 0.5 - - - - - - - — — 
Sphaerium transversum 30.5 30.5 3 12 19 22 22 22 19 46 135 416 193 
Campe lopia sp. 1.5 - . - - - 0.5 0.5 - - - 4 3 2 
C. decisum 1 7.5 0.5 0.5 0.5 0.5 1.5 2.5 0.5 1.5 3 2 2 
Lioplax subcarinata 1.5 1.5 - 0.5 0.5 - - 0.5 - 1 1 2 2 
Viviparus intertextus 0.5 - - - - - - 0.5 - - - 1 
Somatogyrus depressus 
-
-
- - -
-
- 1 3 2 1 2 
S. subglobosus - - - - - - - - - - 1 — — 
Amnicola sp. 
- - - -
-
- - - - -
- 1 
Physa sp. -
- -
- -
- - -
-
- 2 9 2 
Table 28. Numbers of arthropods collected per square foot at Area B. 
1960 1961 
6/15 6/21 6/27 7/5 7/12 7/19 7/25 8/1 8/8 8/15 6/9 7/12 8/28 
Ilexagenia spp. 44 35.5 26 39 25.5 21 16 12.5 2.5 8 4- — 
Coelotanypus sp. 5.5 5.5 1.5 2.5 1 1.5 1 1 4.5 1.5 7 1-
Cryptochironomus spp. - - 0.5 1.5 - 0.5 1.5 1 1 4.5 - - -
Tendipes plumosus - -- -- -- -- - Î6Î3 
Stenochironomus sp. - - 1.5 1 1,5 2 2 1 0.5 0.5 111 
Polypedilum sp, — — 0.5 — — 0.5 — — — — — — — 
Pentaneura sp. — — — — — — 1.5 — 1 2 — — 1 
Procladius sp. - - - - - 0.5 0.5 ------
Unident. Chironomidae - - - 0.5 0.5 - 0.5 - - 1 - - -
Palpomyia sp. — 0.5 — 0.5 — — 0.5 — — — — 1 — 
Oecetis sp* b — — — — — — — — — — 17 — 
Pentagenia vittigera — 0.5 — - — — - - - — — - — -
I s onychia sp. — — 0.5 — — — — — — — — — — 
Table 29. Numbers of annelids and mollusks collected per square foot at Area B. 
1960 1961 
6/15 6/21 6/27 7/5 7/12 7/19 7/25 8/1 8/8 8/15 6/9 7/12 8/28 
Oligochaetes 11 17 18 25.5 32.5 36.5 18.5 11 27 32 7 5 4 
Helobdella stagnalis ---2 1 
H. nepeloidea — — — — — — 0.50.5 — 3 — 1 — 
Erpobdella punctata - 0.5 0.5 - - 0.5 - 0.5 - - - - -
GjLoSkSyDhorijua c^ DnyDlanatji — — — — — — — — 0.5 — — — — 
Uni.dent. Hxrudinea - — — — — — — — 0.5 — — — 
Sphaerium transversum 139 166 175 175 176 162 131 226 414 495 184 384 96 
S. ^triajinum — — — — — — 0.5 — — — — 1 — 
Campeloma sp. 0.5 - 1.5 1 0.5 - 1.5 2.5 5.5 0.5 2 
C. decisuw 1.5 2.5 2 2 3 2 2 3 2 3.5 6 5 
Ljoplax subcarinata 111 1.5 2.0 0.5 1.5 1 4 1.5 1-1 
Somatogyrus depressus -  - -  - -  - - 1  4 . 5  5 . 5  -  2  1  
5. subgJLobosus 0.5 — — — — — — — — — — — — 
Vivi parus intertextus -  - -  - -  - -  - -  - -  - i  
Physa sp. 5 
Table 30, Numbers of arthropods collected per square foot at Area BB. 
1960 1961 
6/15 6/21 6/27 7/5 7/12 7/19 7/25 8/1 8/8 8/15 6/9 7/12 8A 
Hexagenia spp. 45 35.5 34 30 24 23.5 12.5 13 3 5.5 1 - 1 
Coelotanypus sp. 2.5 10 3 1.5 2 1 2 2 1 1.5 9 - 2 
Cryptochironomus spp. 
-
-
- - -
-
2.5 2 1 3.5 -
-
-
Tendipes plumosus 
-
-
- - -
- -
- - - 0.5 10 2 3 
Stenochironomus sp. - 2.5 1.5 3 2 3.5 4 0.5 - -
-
1 
-
Polypedilum sp. - - 0.5 0.5 1 
-
- -
-
- - -
Pentaneura sp. - - -
-
- - 1 0.5 1 2.5 - - -
Procladius sp. -
-
-
-
- - 0.5 - 0.5 0.5 -
-
-
Unident. Chir onomidae - 0.5 - 1 0.5 
- - - -
-
- - -
Oecetis sp. b - — - — — - — — — — _ 3 1 
Table 31. Numbers of annelids and mollusks collected per square foot at Area BB 
1960 1961 
6/15 6/21 6/27 7/5 7/12 7/19 7/25 8/1 8/8 8/15 6/9 7/12 8/28 
Oligechaetes 12 15.5 19 18.5 16.5 16.5 14 16.5 17.5 28 14 8 1 
Helobdella stagnalis - - - - - - - - 0.5 - 1 1 -
H. nepheloidea - - - - - - - 1 - - 1 3 4 
Sphaerium transversum 113 121 144 135 163 120 145 174 382 513 216 259 135 
Campeloma sp. 0.5 - 1.5 - 1 0.5 1.5 1.5 2.5 2.5 2 1 -
C. decisum 0.5 3.5 0.5 1 2 1 1 1 2.5 2 1 4 3 
Lioplax subcarinata 2 0.5 1.5 2.5 0.5 2.5 1 - 3 2 2 3 3 
Somatogyrus depressus - - - - - 0.5 - - 6.5 6.5 - - -
S. subglobosus 
- 1 0.5 - - - - - - - 1 - -
Viviparus intertextus 0.5 - - - - - - - 1 0.5 - - 1 
Physa sp. 
- - - -
- - ~ - - - - 1 5 
Pleurocera sp. 
- - - -
-
- - - 0.5 - - 1 
Quadrula quadrula - - - - - - - - 0.5 - - - — 
Table 32. Numbers of arthropods and oligochaetes collected per square foot at Area C. 
1960 1961 
6/16 6/21 6/27 7/5 7/12 7/19 7/25 8/1 8/8 8/15 6/9 7/12 8/28 
Hexagenia spp. 44.5 53 62 43.5 47.5 28 22 26 8 3.5 107 4 
Coelotanypus sp, 0,5 1 1 1,5 0,5 --2--411 
Cryptochironomus spp, - - - 0,5 ~ 0,5 1,5 0,5 - - - — -
Tendipes plumosus — — — — — — — ~ — — 220 17 2 
Stenochironomus sp, - - 0,5 - 0,5 0,5 0,5 - - - 13 3 11 
Polypedilum sp, — — 0,5 — — — — 0,5 — — 1 — — 
Pgntaneuza sp, — — — — — — — — — 1,5 — — — 
Procladius sp, — — — — — 0,5 — — 0,5 — — — — 
Uaident, Chironomidae 0,5 0,5 -  ^ l - - - - 0,5 - - -
Oecetis sp, b — — — — — — — — — — « « 
P otamyxa f lava — — — — 0*5 — — — — — — — — 
CaetULS sp, — — — " — — ##2 — — 
Sialis sp, — — — — — — — 0,5 — — — l — 
Chrysogs sp, — — — — — — 0,5 — — — — — — 
Oligochaetes 2,5 4 5 3 8 4,5 4,5 4 5 5 4 5 3 
Table 33. Numbers of leeches and mollusks collected per square foot at Area C. 
1960 1961 
6/16 6/21 6/27 7/5 7/12 7/19 7/25 8/1 8/8 8/15 6/9 7/12 8/28 
Helobdelia stagnalis 1 0.5 - - - 1 0.5 1 3.5 4 2 13 2 
H. nepheloidea 0.5 0.5 0.5 - - 1.5 0.5 0.5 0.5 0.5 - - -
ErpobdeJLla jounctata — — — — — 0.5 — — — — — — — 
Sphaerium transversum 41 79.5 65 46.5 77.5 68.5 73.5 125 137 197 26 62 22 
S. s^ ri^ E^ i^num — — — 1 — — 0.5 0.5 — — 4 4 6 
Campeloma sp. 5 - 1.5 1.5 1.5 0.5 3.5 1.5 3.5 3 - 3 2 
Ç. decisum 1.5 12.5 1 13 5.5 3 4.5 3 6.5 4.5 23 15 6 
Lioplax subcarinata -313 0.5 - - 1 1.5 1 - - 4 
Somatogyrus depressus - -- -- --12 7.5 111 
S. subglobosus — 0.5 — — — — — — — — — — — 
Viviparus intertextus - -- -- -- 1-----
sp. — — — — — — — — 0.5 —- — — — 
Actinonajas sp. - -- -- -- -- - i  ^ _ 
sp. — — — — — — — — — — — — 2 
Pleurocera sp. - -- -- -- - o.5 - - _ 2 
Quadrula sp. — — — — — — — — — 0.5 — — 1 
Lamps i lis sp. 
Table 34. Numbers of arthropods collected per square foot at Area 0C„ 
1960 1961 
6/16 6/21 6/27 7/5 7/12 7/19 7/25 8/1 8/8 8/15 6/9 7/12 8/28 
Hexagenia spp. 50 65 50 56 29 29 25 18 8.5 7.5 100 3 
CoeJLotan^ us sp. — — — l — — — — — 2 7 — 2 
Tendi£es jilumosus^  — — — — — — — — — — 347 32 1 
Stenochironomus sp. 0.5 0.5 - - 1 - 0.5 1 0.5 - 16 2 8 
Polypedilum sp. — — — — 2 — — 0.5 — — 1 — — 
Pelopia sp. — — — — — — — — — — — — 4 
Pentaneura sp. - - - 0.5 - - - - 0.5 0.5 2 1 -
Procladius sp. 1 
Unident. Chironomidae - - - - - - 0.5 - - - - - 1 
Paljiomj^ ia sp. — — — — — — — 0.5 — — — — — 
Oe cet is sp. b — — — — — — — — — — — 2 — 
Potamjoa f lava — — — 0.5 — — — — — — — — — 
Gomghus sp. — — — 0.5 — — — — — 
Chaoborus sp. — — — — — — — — — 0.5 — — — 
Stenelmas sp. — — — — — — — — — — — — 1 
Asellus brevicaudus - - - 0.5 0.5 - -- -- -- -
-4 00 
Table 35. Numbers of annelids and mollusks collected per square foot at Area CC. 
1960 1961 
6/16 6/21 6/27 7/5 7/1? 7/19 7/25 8/1 8/8 8/15 6/9 7/12 8/28 
Oligochaetes 1.5 3 3.5 2 3 2.5 2.5 4.5 3 5.5 3 6 5 
Helobdella stagnalis - - 0.5 0.5 - - 1 1 0.5 1.5 19 2 
H. nepheloidea - 0.5 - 0.5 0.5 - 0.5 0.5 - 0.5 - 1 -
Erpobdella punctata - — - 0.5 ------ 1 — — 
Gloss iphonia complanata - - - 0.5 ---
Unident. Hirudinea ---- 0.5 - - 0.5 - - -
Sphaerium transversura 5.5 35 4 23 37.5 52 54.5 57.5 74 71 18 101 21 
S. strjLatinum 0.5 — — — 0.5 — — — — — — 2 — 
Campeloma sp. 0.5 - 1.5 1.5 3.5 2.5 2.5 1.5 3 3.5 9 4-
C. decisum 2 14.5 4 5.5 1 6 11 3 6.5 5 14 14 11 
Li op lax subcarinata - 1 - 2 - 2.5 1 1.5 1.5 3 111 
Somat ogyrus depressus - -- -- -- - 3.5 3 - - 1 
S. subg_lobosus — — — — 0.5 — — — — — — — — 
"Viviparus intertextus - - - - 0.5 - 0.5 - 0.5 - - - 2 
A£inxc_ola sp. 0.5 — — — — — — — — 0.5 — — — 
Phjrsa sp. — — — — — — — — — — — — 2 
Pleurocera sp. - - 0.5 - - - - 0.5 -
Quadrula quadrula - - 1 - - - 0.5 ----- i 
Amblema sp, — — — — — — 0.5 — — — — — — 
Actinonaxas sp. — — — — — — — — — 0.5 — — — 
Table 36. Numbers of arthropods and oligochaetes collected per square foot at Area D. 
1960 1961 
6/14 6/21 6/28 7/6 7/13 7/19 7/26 8/1 8/9 8/15 6/9 7/12 8/28 
Hexagenia spp. 40.5 36.5 40 38 15 24 11.5 7.5 3.5 3.5 11 -1 
Coelotanypus sp. 2.5 5 2.5 1 1.5 1.5 3.5 1 3.5 3 2 15 
Cryptochironomus spp. - - 1 0.5 0.5 - 2144--1 
T e n d i p e s  p l u m o s u s  -  - -  - -  - -  - -  - -  - g  
stenochironomus sp. 2 6.5 - 3.5 4.5 5 3.5 2.5 0.5 1 - 3 
Polypedilura sp. ------- o.5 - 1 
Pelopia sp. 1 
Pentaneura sp. 1.5 1 - - 1 
Procladius sp. ------ 0.5 - - 1 - - -
Microtendipes sp. ------ 0.5 ------
Unident. Chironomidae - - - - 0.5 - - 0.5 1 - - - -
Oecetis sp» b — — — — — — — — — — — l_o 
Stenelmzs sp. — 0.5 — — — — — — — — — — — 
Oligochaetes 14.5 11 14 11.5 9.5 20.5 23.5 13.5 21 27 17 3 3 
Table 37. Numbers of leeches and mollusks collected per square foot at Area D. 
1960 1961 
6/14 6/21 6/28 7/6 7/13 7/19 7/26 8/1 8/9 8/15 6/9 7/12 8/2 
Helobdella stagnalis - - - - - - - - - - 1 1 3 
K. nepheloidea 
— — 
0.5 — — — 0.5 1 2 4 1 3 
Erpobdella punctata - 0.5 - - - - - - 1.5 0.5 1 - -
Placobdella montifera 
-
- - - - -
- -
-
- 1 - -
Unident. Hirudinea - - - •- - - - - - - 1 - -
Sphaerium transversura 71 174 252 224 261 218 199 303 600 624 113 115 56 
S. striatinum 
-
- -
-
- - - - - - -
— 1 
Campeloma sp. — - 1 — — 0.5 1.5 2 0.5 1 3 1 1 
C. decisum 1.5 1.5 1 1 0.5 0.5 2.5 1 1 1 1 3 2 
Lioplax subcarinata 0.5 1.5 0.5 1 0.5 1.5 0.5 1 4 2.5 1 3 4 
Somatogyrus depressus - - - - - - - 1 6.5 6.5 1 3 3 
S. subglobosus 
— — — 
0.5 — — — - — - - - -
Viviparus intertextus 
- -
-
- - - - - 0.5 - 2 - -
Amnicola sp. 
- - -
-
- - - - - 0.5 - - -
Physa sp. - - - - - - - - - — — 2 3 
Quadrula quadrula 
Leptodea sp. 1 
Table 33. Numbers of arthropods collected per square foot at Area DD. 
1960 1961 
6/14 6/22 6/28 7/6 7/13 7/19 7/26 8/1 8/9 8/15 6/9 7/12 8/28 
Hexagenia spp. 39 23.5 23.5 29.5 13.5 19 11.5 9 3.5 6.5 4 - 2 
Coelotanypus sp, 0.5 4 2.5 2 1 0.5 3.5 1 1.5 2 5 13 
Cryptochironomus spp. - - 0.5 - - - 1 - 1.5 1.5 - — 1 
Tendipes plumosus - -- -- -- -- 0.5 - - -
Stenochironomus sp. 0.5 3 1.5 3 3 1.5 3 1 0.5 1.5 - - 1 
Polypedilum sp. — — — — — 0.5 — — — — — — — 
Pentaneura sp. — — — — — 0.5 — 1.5 1.5 0,5 — — — 
Procladius sp. — — — — — — — 0.5 — — — — — 
Utii.dent, Chironomidae — — — 0,5 — — — — — — — — 
Oecetis sp. b — — — — — — — — — — — 20 1 
f lava — — — — 0.5 — — — — — — — — 
Stenelmxs sp. — — — — — — 0.5 — — — — 1 — 
Asellus brevicaudus - 0,5 - - 0,5 - -- -- -- -
Table 39. Numbers of annelids and mollusks collected per square foot at Area DD. 
1960 1961 
6/14 6/22 6/28 7/6 7/13 7/19 7/26 8/1 8/9 8/15 6/9 7/12 8/: 
Oligochaetes 5 12.5 15 14 9 20 13.5 9 12 20 10 4 5 
Helobdella stagnalis - - - - - - - 0.5 0.5 - 1 1 1 
H. nepheloidea 0.5 - - - 1.5 - 1 0.5 0.5 - 2 2 4 
Erpobdella punctata - - -
-
0.5 - - - - - 1 - -
Sphaerium transversum 199 208 229 137 262 250 224 172 514 498 105 171 97 
$. striatinum - - - - 0.5 - - - - - - - -
Campeloma sp. 3 0.5 - - 1 - 1 0.5 1.5 0.5 2 2 2 
C. decisum 1.5 1.5 0.5 1 0.5 0.5 0.5 2 1.5 0.5 1 8 7 
Lioplax subcarinata 1.5 1 2 1 0.5 1.5 - 1 1.5 3 2 1 9 
Soroatogyrus depressus - - - 0.5 - 0.5 0.5 1.5 4 - 3 -
S. subglobosus 0.5 - - - - - - - -
- -
- -
Viviparus intertextus - 0.5 - - 0.5 - - - 0.5 - - - -
Physa sp. 
- - - - - -
- - -
-
-
2 12 
Lasmipona sp. - - - - - - - - - - - 1 -
Table 40. Numbers of arthropods collected per square foot at Area E. 
1960 1961 
6/15 6/22 6/28 7/6 7/13 7/20 7/26 8/2 8/9 8/16 6/10 7/12 8/28 
Hexagenia spp. 38.5 33 31.5 40 27 18 16 14 4.5 5.5 4 - -
Coe lotanypus sp. - 2 - 1 - 1 0.5 - 0.5 0.5 13 5 1 
Cryptochironomus spp. - - - 0.5 ----- 0.5 - - 1 
Stenochironomus sp. — 1.5 - 0.5 1.5 33-1---1 
P^ l^ gedilum sp. — 0.5 — 0.5 — 0.5 — — — — — — — 
Pe_lo£ia spe — — — — — — — — — — — — 1 
Pentaneura sp. — — — 1 0.5 — 0.5 — — — — — — 
P r oc lad jus sp. — 0.5 — — — 0.5 — — — 0.5 — — — 
Unident. Chironomidae - - - 0.5 - - 0.5 ------
Oecetis sp. b — — — — — — — — — — — 8 l 
Gomghus sp. — — — 0.5 — — — — — — — — — 
Asellus brevicaudus - - - 0.5 - 0.5 -------
azteca — — — — — — — — — — — 2 — 
Table 41. Numbers of annelids and mollusks collected per square foot at Area E. 
1960 1961 
6/15 6/22 6/28 7/6 7/13 7/20 7/26 8/2 8/9 8/7-6 6/10 7/12 8/28 
Oligochaetes 0.5 10 1.5 1.5 - 4.5 6 4 2.5 5 13 6 3 
Helobdella stagnalis - 0.5 0.5 
-
0.5 
-
1 0.5 0.5 3 3 1 1 
H. nepheloidea 1 - 1 0.5 1 - - 1 - 0.5 - 2 2 
Erpobdella punctata - -
- -
- - -
- - - - 1 
Glossiphonia complanata - - 1 - - - 0.5 - 0.5 - - — — 
Placobdella montifera 
- - -
-
-
- -
- - -
- 1 
Unident. Hirudinea - - - 0.5 - - - - - - % - — 
Sphaerium transversum 4 66 53 168 29 55 81 38 86 145 84 113 171 
Campeloma sp. 4 - 2 2 2 0.5 2.5 2 0.5 - 6 2 1 
C. decisum 
- 6 2 6 1.5 1.5 2 4 4 2 1 8 6 
Lioplax subcarinata 1 1 4 3.5 3 2.5 3 3 5 7.5 1 1 7 
Somatogyrus depressus 
- -
1.5 0.5 - - 1 
-
6.5 14.5 - 2 
S. subglobosus - 4 1 0.5 - -
-
- -
-
-
Viviparus intertextus 
-
3 4 2 2 - 0.5 0.5 2 2 - — — 
Physa sp. 
-
-
-
-
- - - - -
- - 4 11 
Quadrula quadrula -
-
-
-
- -
- - 0.5 - - — — 
Table 42. Numbers of arthropods and oligochaetes collected per square foot at Area EE. 
1960 1961 
6/15 6/22 6/28 7/6 7/13 7/20 7/26 8/2 8/9 8/Î6 6/10 7/12 8/28 
Hexagenia spp. 44 40 45.5 39 25 16.5 17 15 4.5 5 2-1 
Coelotanypus sp. 1 11 - 1 - 1.5 - - 2.5 2 1 1 
Cryptochironomus spp. - 0.5 - - - 0.5 0.5 - - 0.5 - - -
Tendipes plumosus - - 0.5 - -- -- -- -- -
Stenochironomus sp. - 0.5 ---14- 1.5 0.5 - - 4 
Pentaneura sp. — — — — — — — — 0.5 — — — 1 
Procladius sp. — — — — — — — 0,5 1.5 — — — 1 
Unident, Chironomidae — — — — 0.5 — 1 — — 0.5 — — — 
Palpomyia sp. — — — 0.5 — — — — — — — — — 
Oecetis sp. b — — — — — — — — — — — 6 — 
Stenelmis sp, — — — — — 0.5 — — — — — — — 
Per lodidae — 0.5 — — — — — — — — — — — 
Sialis sp. — — — — — — — — — 0.5 — — — 
Oligochaetes 0.5 11.5 7 0.5 2 2.5 5 2 6.5 18.5 4 5 5 
Table 43. Numbers of lecches and mollusks collected per square foot at Area EE. 
1960 1961 
6/15 6/22 6/28 7/6 7/13 7/20 7/26 8/2 8/9 8/16 6/10 7/12 SA 
Helobdella stagnails - 0.5 - 0.5 1.5 1 1.5 - 5 9.5 6 - 6 
H. nepheloidea - - - 1 3 0.5 - - 0.5 2 - 2 2 
Erpobdella punctata 
- -
-
0.5 - - - - 0.5 1.5 - - -
Glossiphonia complanata - - - 0.5 0.5 - 1 - - 0.5 - - -
Unident. Ilirudinea - 0.5 - 0.5 - - - 0.5 - - - - -
Sphaerium transversum 222 404 263 106 206 99 190 184 322 628 29 300 123 
S. striatinum - 0.5 - - - - - - - 0.5 - - -
Campeloma sp. S 0.5 5.5 2.5 0.5 3 2.5 1.5 1.5 3 3 1 1 
C. decisum 3 2 0.5 5 2 3.5 0.5 3 1 2.5 6 5 9 
Lioplax subcarinata 13 2.5 10 4.5 6 5.5 5.5 4.5 8 4 - 1 6 
Somatogyrus depressus 
- - - - 0.5 - - 0.5 6.5 22 - - -
S. subfclobosus 0.5 0.5 
- 1 - - - - - 4 - - -
Viviparus intertextus 1.5 2 1.5 1 5.5 2.5 2.5 1.5 1 5 1 - 2 
Amnicola sp. 
- - - - - - - - 0.5 - -
. - -
Physa sp. 
- - - -
- - - - -
- 1 4 20 
Pleurocera sp. -
- - - -
-
- - - - - — 1 
Table 44. Numbers of arthropods collected per square foot at Area F. 
1960 1961 
6/14 6/22 6/28 7/6 7/14 7/20 7/26 8/2 8/9 8/16 6/10 7£L2 8/2 
Hexagenia spp. 68.5 47.5 58 41.5 26 27 14 9 4.5 1.5 18 1 -
Coelotanypus sp. 1.5 6 - 0.5 - 0.5 0.5 0.5 1 1 4 - 5 
Cryptochironomus spp. - 2 1.5 - - 1 - - 0.5 1.5 - - 1 
Stenochironomus sp. - 1 1 0.5 1 3 1.5 - 1 1 2 6 3 
Polypedilum sp. - - 0.5 - 1 0.5 - - - - - - -
Pentaneura sp. 0.5 0.5 - - 0.5 - - - 2 - 1 - 1 
Procladius sp. 
-
- - - - -
-
- 0.5 - - - 1 
Tanytarsus sp. 
- -
-
- 0.5 - 0.5 - - - - - -
Unident. Chironomidae - - - - 0.5 0.5 - - - - - - -
Oecetis sp. b 
-
- - - - - - - - - - 4 -
Neureclipsis sp. - - 0.5 - -
- - -
-
- - -
-
Potamyia flava 
-
- 0.5 - - - - - -
-
-
- -
Stenelmis sp. 
- 0.5 - 0.5 - - - - - - - - -
Asellus brevicaudus 0.5 _ 
Table 45. Numbers of platyhelminths, annelids, and mollusks collected per square foot at Area F. 
1960 1961 
6/14 6/22 6/28 7/6 6/14 6/20 6/26 8/2 8/9 8/16 6/10 7/12 8/29 
Planariidae 
-
- -
— 
- -
- - — 0.5 - — -
Oligochaetes 6.5 4 10.5 4.5 7.5 15 11 6 13 11 17 4 13 
Helobdella stagnalis -
- -
1 0.5 0.5 - - - 1 - - -
H. nepheloidea 
-
-
-
- -
- - - 0.5 1.5 - - 1 
Erpobdella punctata 
-
-
-
1 0.5 0.5 - 0.5 - 0.5 - - -
Glossiphonia complanata 
- -
- -
- - - 0.5 0.5 1 - - -
Sphaerium transversum 25.5 53.5 94 141 149 205 146 293 549 370 305 226 129 
S. striatinum 0.5 - - - - - - - - - - - -
Campeloraa sp. 2 - - 1.5 - 0.5 - 1.5 1.5 2 8 - -
C. decisum 1 2.5 0.5 1.5 1 3 - 1 3 2.5 1 5 5 
Lioplax subcarinata 1 2.5 1 2 2 3 2 6 5 6 2 2 7 
Somatogyrus depressus 1 - - - - - 0.5 3 9.5 22.5 - - -
Viviparus intertextus 0.5 -
-
0.5 - - 0.5 
-
0.5 - - - 1 
Physa sp. - - - - - - - - - — 1 - 4 
Table 46. Numbers of arthropods collected pér square foot at Area FF. 
1960 1961 
6/14 6/22 6/29 7/5 7/14 7/30 7/26 8/2 8/9 8/16 6/10 7/12 8/29 
Hexagenia spp. 60.5 48 67.5 55 27 26.5 13 8.5 3.5 6 16 4 1 
Coelotanypus sp, 2,5 3.5 4.5 2,5 2.5 1 - 0.5 1-611 
Cr ypt ochir onomus spp. - - 0.5 - 1 0.5 12 2 1.5 - - g 
Tendîmes jd j^eiosus  ^ — — — — — — 0.5 
Stenochironomus sp, - 3 3 4 8 9.5 4.5 2.5 2 1.5 2 10 1 
Pol^ gedil^ ra sp, — — — 1 1 0,5 — — — — — — — 
Pentaneura sp, 0.5 - - 0,5 - -- -21---
Unident, Chironomidae 0.5 0,5 0,5 - 3 1.5 0.5 ------
Oecetis sp. b — — - - — — — — — — — 5 — 
Gomghu£ sp. — — — — — 0.5 — — — — — — — 
Chaoborus sp. — — — — — — — — — — — — 
Table 47. Numbers of annelids and mollusks collected per square foot at Area FF. 
1960 1961 
6/14 6/22 6/29 7/5 7/14 7/20 7/26 8/2 8/9 8/16 6/10 7/12 8/29 
Oligochaetes 8.5 9 22 14 5 26.5 11 4 9.5 8.5 8 7 5 
Helobdella stagnalis - 1 - - 0.5 - 1 1 2 - - - -
H. nepheloidea 0.5 - - - - - - - - - - 1 2 
Erpobdélla punctata 
-
0.5 - - - - - - - - - - -
Unident. Hirudinea - - - - - - - 0.5 - - - - -
Sphaerium transversum 14 24.5 71 67 55.5 84.5 101 124 494 479 226 515 239 
S. striatinum - - 0.5 0.5 - 1 - - - 0.5 - - -
Campeloma sp. 
- - - 1 2 0.5 1.5 2.5 0.5 1 2 2 1 
C. decisum - 3.5 - 1 1 - 1 1 4.5 4.5 - - -
Lioplax subcarinata 0.5 2.5 2.5 3 1.5 2.5 3 1.5 3 6.5 1 2 7 
Somatogyrus depressus 
-
- - - - 0.5 - - 9.5 18.5 - 2 1 
S. subglobosus 
-
0.5 2.5 - - - - - - - -
- -
Viviparus intertextus 0.5 0.5 - 0.5 - - - - 0.5 1.5 - 1 1 
Physa sp. - - - - - - - - - 0.5 - - 2 
Table 48. Numbers of arthropods collected per square foot at Area G 
1960 1961 
6/17 6/23 6/29 7/8 7/14 7/21 7/28 8/2 8/10 8/16 6/10 7/12 8/29 
Hexagenia spp. 81.5 86.5 83 77 56.5 30.5 23 24 10.5 7 39 9 
Coelotanypus sp. 4.5 3 4 3 1 2.5 4.5 0.5 1.5 18 16 
Cryptochironerous spp. - - 0.5 13 1 0.5 0.5 1 2 - - 1 
Tendiges jjjtauiiosus — — — — — — — — — — 131 
Stenochironorous sp. - - 1 5.5 5.5 8 4 6.5 4.5 2.5 1 - 15 
Pol^ edi^ um sp. — — — — 12 0.5 — 0.5 — — — — 
Pentaneura sp. - - - 0.5 0.5 0.5 1 0.5 1.5 1.5 - - -
Tanytarsus sp. ------ 0.5 ------
Unident. Chironomidae 0.5 - - 0.5 1.5 - - - 0.5 - - - -
Oecetis sp. b — — — — — — — — — — — 14 — 
Gomghus sp. — — — — — — — — 0.5 — — — — 
St ens liais sp. — — — 0.5 — — — — — — — — — 
Table 49. Numbers of annelids and mollusks collected per square foot at Area G. 
1960 1961 
6/17 6/23 6/29 7/8 7/14 7/21 7/28 8/2 8/10 8/16 6/10 7/12 8/29 
Oligochaetes 3 8 6.5 4.5 2.5 5 8 3.5 14.5 9 6 2 5 
Helobdella stagna lis - - - - - - -  0 . 5  1  1 . 5  1 1 1  
H. nejjJuîloidea — — — — — 0.5 — 0,5 0.5 14 — — 
Bt^ obdcjJ^  jDtuicrfcal^ i — — — — — — — — — 0.5 — — — 
Sfrhaerium transversum 387 362 349 464 480 309 235 466 459 490 270 230 277 
S. striatinum — — 0.5 0.5 — — 1.5 — 1 0.5 9 — — 
Campeloma sp. 2.5 
-
2.5 
-
5.5 0.5 3.5 2.5 1.5 1 1 5 
-
C. decisum 1.5 2.5 4 5 4.5 1.5 2 4 4.5 4 4 7 8 
Lionlax sabcarinata 2.5 2.5 2.5 0.5 5 - 0.5 3 5.5 3 1 - 8 
Somatoevrus depressus 
- - - -
0.5 - 1 3.5 18.5 20 - - 1 
S. subglobosus 0.5 0.5 0.5 
-
- - - - - - - -
-
Viviparus intertextus - - - - - - - - - - 1 - 3 
Amnioola sp. - -
-
- - - - - -
-
1 -
-
Physa sp. - - - - - - - - - - - - 3 
Table 50. Numbers of arthropods collected per square foot at Area GG. 
1960 1961 
6/17 6/23 6/29 7/8 7/14 7/21 7/28 8/2 8/10 8/16 6/10 7/12 8/29 
Hexagenia spp. 82 72.5 87 67 58.5 32.5 24.5 21.5 10 5.5 46 9 -
Coelotanypus sp. 6 14 3 3.5 - 3.5 4.5 1.5 3 3.5 8 1 1 
Cryptochironoptus spp. - - - 2 0.5 - 0.5 0.5 1.5 2.5 - - -
Tendige£ j^liinosus — — — — — — — — — — l — l 
Stenochironomus sp. - 1 0.5 2.5 2 4.5 1 1 3.5 1 2 -4 
PoJ^QJeditoua sp. 0.5 — 0*5 0.5 — 2 2.5 0.5 — — — — — 
Pentaneura sp. - - - 0.5 - 0.5 0.5 1.5 1.5 13 1-
Procladius sp. — — — — — 0.5 — — — — — — 1 
Uaident. Chironomidae — — 0.5 — — — 1.5 — — — — — — 
Pal£iAii^ ia sp. — — — — 0.5 — — — — — — — — 
Oecetxs sp. b — — — — — — — — — — — 7 — 
Stenclnis sp. — 0.5 — — 0.5 0.5 — — — — — — — 
Sxalis sp. — — — — — — — — — 0.5 — — — 
Asellus brevicaudus - 0.5 - - - - 0.5 ------
Table 51. Numbers of annelids and mollusks collected per square foot at Area GG. 
1960 1961 
6/17 6/23 6/29 
_zA 7/14 7/21 7^ 28 8/2 8/10 8^ 16 6/10 zM M 
Oligochaetes 6 15 3.5 6 4 10.5 6 2.5 19 9 10 4 4 
Helobdella stagnalis — — — — — — — 0,5 — 0.5 1 — 1 
H. nepheloidea — 
— 
— 
0.5 1 " 0.5 0.5 1 2 1 1 — 
Erpobdella punctata 
-
- -
- 0.5 - 0.5 - 0.5 0.5 1 - -
Glossiphonia complanata - - - -
-
-
-
0.5 - - - - -
Unident. Hirudinea - - - 0.5 - - - - - - - - -
Sphaerium transversum 383 416 389 462 279 325 203 227 493 522 141 201 183 
S. striatinum - - -
-
- 0.5 0.5 - 1.5 - - 3 2 
Campeloma sp. 2.5 — 1.5 1.5 2.5 2.5 3 5.5 6.5 5 5 4 
C. decisum 2 6 2.5 2.5 1.5 2.5 0.5 2.5 6.5 1.5 1 6 14 
Lioplax subcarinata 2.5 1.5 1.5 2.5 2 2 6 3.5 6.5 7 3 4 5 
SomatoKvrus depressus 0.5 - - - - - 2 5.5 15 23.5 1 1 1 
S. subglobosus 0.5 1 — — — — • *" • — — — 1 
Viviparus intertextus - 1.5 1 - 1 - - 1 - 2 - 1 5 
Physa sp. 
- - - -
-
-
- - - - - - 1 
Quadrula. quadrula - -
- - -
-
-
0.5 - - - -
-
Truncilla sp. - - 0.5 - - - - - - - - - -
Anodonta imbecillus • • _ _ _ • • 0.5 — 
Table 52. Numbers of arthropods collected per square foot at Area H. 
1960 1961 
6/17 6/23 6/29 7/8 7/14 7/21 7/29 8/3 8/19 8/17 6/10 7/12 8/29 
Hexagenia spp. 62.5 87 89*5 86.5 53.5 45 18.5 22.5 5.5 5 40 6 1 
Coelotanypus sp. 1 2.5 1.5 - 1.5 1.5 0.5 3 2 - 1 1 2 
Cryptochironomus spp. - - 0.5 1 1.5 - 0.5 - 1.5 - - - -
Stenochironomus sp. - - 0.5 4.5 6 2.5 6.5 - 1 1.5 1 3 8 
Polypedilum sp. — — — 1.5 2 — 0.5 — — — — — — 
Pentaneura sp. - - - 0.5 0.5 - 0.5 - 1.5 1.5 -11 
Proc ladius sp. — — — — — — — 1 — 0.5 — — 2 
Tanytarsus sp. - 0.5 0.5 - -- -- -- -- -
Unident. Chir onomidae - - - - - 1.5 1 ----- 1 
Palpomyia sp. — — 0.5 — — — — — — — — — — 
sp. — — — — — — — 0.5 — — — — — 
Oecetis sp. b — — — — — — — — — — — 15 1 
Cheumat opsyche campy la - - - - - -  0 . 5  - - - - - -
Caeins sp. — — — — — — — — — — — — i 
Stenelmis sp. — — — 0.5 — — — — 0.5 — — — — 
Sialis sp. — — — — — 0.5 — — — — — — — 
Table 53. Numbers of annelids and mollusks collected per square foot at Area H. 
1960 1961 
6^ 17 6/23 6/29 7/8 7/14 7/21 mi 8^ 10 8/17 6/10 7/12 8^29 
Oligochâetes 3 2.5 1.5 2.5 3 3.5 4.5 0.5 11 6.5 9 10 4 
Helobdella stagnalis 0.5 0.5 - - - 0.5 1 - 4 2.5 "" - 1 
H. nepheloidea 
-
0.5 - - 0.5 0.5 2 0.5 1 - 1 - -
Erpobdella punctata 
-
- - - 0.5 0.5 - 0.5 0.5 1.5 - - -
Unident. Hirudinea - - - - - - - 0.5 - - - - 2 
Sphaerium transversum 209 199 280 535 488 459 476 472 853 1127 252 319 172 
S. striatinum - 0.5 - 1 0.5 0.5 0.5 - 0.5 0.5 2 - 5 
Camneloma sp. 0.5 0.5 1.5 - 0.5 - 2 1.5 1 1 2 1 -
C. decisum 2.5 2 1.5 5.5 2.5 3 1.5 1 - - 2 4 3 
Lioplax subcarinata 3 3 0.5 2.5 3 2.5 4 2 4.5 5.5 3 4 13 
Somatogyrus depressus - 0.5 - - - - 3 5 16 26.5 - - 3 
S. subglobosus 0.5 1.5 - - - - - - - - - - -
Viviparus intertextus - - - - - - - - - - - 1 2 
Amnicola sp. 
- -
- - -
-
-
- -
- 1 -
Physa sp. 
-
-
- - - -
- -
--
- - - 2 
Anodonta sp. 0.5 - - - - - - - •- - - - -
Table 54. Numbers of arthropods collected per square foot at Area HH. 
1960 1961 
6/17 6/23 6/29 7/8 7/14 775T 7/29 8/3 8/10 8/17 6/10 7/12 8/29 
Hexagenia spp. 77.5 74 80 82.5 55.5 40.5 22 19.5 6.5 7.5 19 3 -
Coelotanypus sp. 6 2 1.5 0.5 - 2 1 1.5 1.5 2 2 -1 
Cryptochironomus spp. - - - 0.5 0.5 - - 0.5 1 - - - -
Tetxiipcs jglui|iosus — — — — — — — — — 0.5 — — — 
stenochironomus sp. - - 0.5 2 6 9.5 3.5 3.5 2.5 2 3 - 11 
Polygedikim sp. — — — — — 2 1 1 — — — — — 
Perrtaneura sp. — — — 11 — — — 0.5 0.5 — — — 
Procladius sp. — — — — — — — — 1 — — — — 
Uaident. Chironomidae — — - 1 1.5 0.5 — — — 0.5 — — -
Palgog^ ria sp. — 0.5 0.5 — — — — — — — — — — 
Chrysops sp. — — — 0.5 — — — — — — — — — 
Oecetxs sp. b — — — — — — — — — — — 7 — 
Stenelmis sp, — 0.5 — — — — — — — — — — — 
Sialis sp, — — — — 0.5 — — — — — — — — 
Asellus brevicaudus - - - 0.5 -1-------
azteca — — — — — — — — — — — 1 — 
Table 55. Numbers of annelids and mollusks collected per square foot at Area HH. 
1960 1961 
6/17 6/23 6/29 7/8 7/14 7/21 7/29 8/3 8/10 8/17 6/10 7/12 8/; 
Oligochaetes 5 2.5 3.5 - 3.5 2 4.5 3 4.5 8 12 5 9 
Helobdella stagnalis 
- - - - - - 1 0.5 0.5 3.5 2 - 2 
H. nepheloidea -
- - - - 0.5 - - - - 1 - 1 
Brpobdella punctata - - - - - - 1.5 - - - 1 - -
Unident, Hirudinea - - 0.5 - -
- - - - - - - -
Sphaerium transversum 252 208 257 292 352 251 300 354 550 865 127 495 216 
3. striatinum 0.5 0.5 
- - - -
0.5 
- -
-
1 
- 1 
Campeloma sp. 0.5 2 0.5 - 0.5 1.5 0.5 1 1.5 2.5 4 1 -
C. decisum 1.5 2 3.5 7 1 2.5 1.5 2 0.5 1.5 2 3 5 
Lioplax subcarinata 0.5 1.5 1 0.5 0.5 2 0.5 2 5 5 - - 5 
Somatogyrus depressus 
- 0.5 - - - 0.5 1.5 6 13 18.5 
- 4 1 
S:. subglobosus - 0.5 1 - - - - - - - 1 -
-
Viviparus intertextus 
- - -
0.5 
-
- 0.5 - - - -
- 2 
Amnicola sp. 
-
-
- - -
-
- - - - 1 -
-
Pleurocera sp. 
- - - 0.5 - - - - - — — _ 
